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Future Supply of Science and Mathematics 
Students’ 


By WOLFLE 


THE TECHNOLOGICAL advances of this 
country during the Twentieth Century 
have been made possible by a steadily in- 
creasing number of men and women 
engaged in engineering, the sciences, and 
mathematics. Without a substantial num- 
ber of trained and competent workers in 
these fields we could not have brought the 
antibiotics, television, radar, the jet en- 
gine, and countless other products and 
processes to their high state of develop- 
ment. While the supply of scientists and 
engineers has made possible these products 
of research and development, those prod- 
ucts have, in turn, created increasing 
demands for more scientists, more en- 
gineers, more mathematicians, and more 
technicians. We might go even further in 
exploring the relationships between tech- 
nological progress on the one hand and the 
supply of and demand for scientists on the 
other. If we had adequate methods of 
measuring the variables involved, I 


' This paper constituted part of the introduc- 
tion to a conference on Identifying High School 
Students with Potential for Science and Mathe- 
matics and Providing Opportunities for their De- 
velopment which was held in Washington, D. C. 
on November 13-15, 1952 under the joint aus- 
pices of the United States Office of Education 
and the Cooperative Committee on the Teach- 
ing of Science of the American Association for 
the Advancement of Science. The paper is also 
appearing in The Science Teacher. 


Commission on Human Resources and Advanced Training, Washington, D. C. 
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suspect that we would find some kind of 
direct relationship between the rate at 
which we are experiencing technological 
change and the size of the resulting de- 
mand for scientists and technologists. 
Certainly we are in a period of rapid 
change. Some of the military weapons of 
World War II are now antiques. Some of 
today’s weapons will be just as antiquated 
five years from now. Medicinal agents 
which were in their exploratory stages a 
few years ago are now in daily and eco- 
nomical use. The television industry has 
mushroomed from almost nothing to its 
current size in the years since World War 
II came to an end. There is no need to 
multiply examples, but I cite the speed of 
change as an indication that we can antic- 
ipate a continued demand. We do not 
have the techniques with which to state 
with confidence that next year we will 
need so many thousand engineers or the 
year after so many thousand physicists. 
Exactly how many will be demanded we 
have no way of forecasting, but that we are 
in a state of rapid technological and social 
change and that that condition is likely to 
continue for some time into the future is a 
more fundamental fact than any specific 
estimate of exactly how many scientists 
and engineers we need at the moment. 
The number required will continue to 


226 THE MATHEMATICS TEACHER {April 


increase until the nation’s leaders decide, 
as a result of changed world conditions, as 
a result of legislative action, or for some 
similar reason, that the United States is 
going to slow down its rate of technological 
advance. 

It is widely assumed that the demand 
for scientific manpower is likely to be 
greater than will be the supply which can 
normally be expected, and that it be- 
hooves us to attempt to get more bright 
youngsters interested in science and 
mathematics in order to augment the 
future supply. Before examining the 
probable future supply and considering 
methods by which it might be increased it 
seems desirable to take a look at the pres- 
ent supply. 

The easier group to describe is engineers, 
for there is a little greater agreement over 
who is an engineer than there is over who 
is a scientist, and there is more informa- 
tion available about the engineering pro- 
fession than there is about natural scien- 
tists as a group. 

As of today, the number of engineers in 
the United States is just about half a 
million. That is approximately 12 times 
as many as we had in 1900 and almost 
twice as many as in 1940. Not all of the 
engineers have graduated from college, 
but somewhat over 80 per cent are college 
graduates and the proportion is steadily 
increasing. We must expect the great bulk 
of replacements and of new additions to 
come from the nation’s engineering col- 
leges. 

There are too many unknowns involved 
to permit us to estimate the future supply 
with precision, but I can indicate the 
order of magnitude of some of the major 
variables. For the next few years we can 
compute from the age distribution of 
living engineers and from standard life 
tables that approximately 7,000 of those 
under the age of 65 will die each year. 
From college enrollment information we 
can be pretty certain that the number of 
new graudates will remain under 25,000 
a vear for the next several vears. Just how 


many will withdraw from engineering to 
enter other fields will depend upon future 
conditions, but the number is always sub- 
stantial. Moreover, not all engineering 
graduates go into engineering work, and 
neither the military services nor their own 
inclination lead us to expect that all future 
graduates will become engineers. In short, 
it is completely certain that engineering 
can not increase as rapidly during the 
next few years as it has during the past 
three or four. There just aren’t enough in 
the pipeline. 

As for scientists, the Bureau of Labor 
Statistics estimated that we had 175,000 
employed in 1950. The Research and 
Development Board has estimated that 
we have 204,000 in 1952. Who qualifies 
for the label of scientist is not a question 
to which there is any one clear answer. 
Preliminary data suggest that in the neigh- 
borhood of 125,000 college graduates 
enumerated in the 1950 census were classi- 
fied as scientists. That figure is almost 
exactly the same as an estimate made by 
the Research and Development Board 
that there were 123,000 research scientists 
in the United States in 1950. Their 
estimate of research scientists for 1952 is 
135,000. Perhaps we ought not to take 
any of these specific figures too seriously. 
We can, however, take from them the 
generalization that the country’s scientists 
are less than half as numerous as the 
country’s engineers. From comparable 
estimates for earlier years we can also 
make the generalization that the nation’s 
scientists have approximately doubled in 
number since 1940. 

A study conducted by the American 
Council on Education for the Office of 
Naval Research has provided estimates of 
the number of living persons who have 
received Ph.D degrees in the natural 
sciences from American universities. The 
estimate is that there were 39,000 such 
persons alive and not over 70 years of age 
in 1950. When we add the more recent 
Ph.D.’s in the sciences we arrive at a cur- 
rent estimate of 46,600 for the number of 
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persons with Ph.D. degrees from American 
universities who are living and under the 
age of 70.? 

There is an interesting property of these 
estimates; engineers, scientists, research 
scientists, and persons holding the doc- 
torate in science have all, in round num- 
bers, doubled since 1940. During the war 
years the increase was small; most of it 
has taken place since 1946. During those 
years we have made great strides in in- 
creasing our resources of scientific man- 
power. But the United States has not been 
alone in that regard. A paper published 
recently by Shimkin of the Russian Re- 
search Center at Harvard’ indicates that 
graduates of higher educational institu- 
tions employed in professional positions in 
the USSR more than doubled in number 
between 1937 and 1952. Russia too has 
been making great strides in increasing 
her corps of engineers, natural scientists, 
agricultural specialists, physicians, in- 
dustrial leaders, language specialists, and 
other professional workers. We can cer- 
tainly not be complacent that our rapid 
increases insure us continuing scientific 
superiority. 

We should therefore analyze school and 
college populations to see what quantity 
and quality of replacements and additions 
to our scientific population we are likely 
to secure during the next few years. Of the 
general result we can be certain; we are 
not going to have as many graduates in 
the sciences during these next few years as 
we have recently had. The G1 wave is 
about over. For the next few years we 
will have to depend upon the normal age 
group for our college graduates. And cur- 
rent age groups are small. The number of 
people reaching college entrance age is 
now at the bottom of a trough, smaller 
than it was during the Forties and much 
smaller than it will be when the large baby 

2? Douglas FE. Seates, Bernard C. Murdoch, 
and Alice V. Yeomans, The Production of Doc- 
torates in the Sciences: 1936-1948 (Washington, 
D. C.: American Council on Education, 1951). 

3 Demetri Shimkin, ‘Scientific Personnel in 
the USSR,” Science, CXVI (1952), 512-513. 


crops of the war and postwar years grow 
old enough to enter college. Out of the 
current small age groups, however, we can 
expect a slightly but steadily increasing 
percentage to graduate from college. Our 
studies of the past trends lead us to the 
conclusion that the number of college 
graduates, expressed as a percentage of all 
young men and women reaching the age of 
22, increases on the average by .3 of a per- 
centage point each year. In terms of 
concrete numbers, that means that we can 
expect 265,000 graduates in 1955 and 
326,000 in 1960. These figures can be com- 
pared with the 186,500 we had in 1940, 
the greatly inflated 434,000 in 1950, and 
the less inflated 325,000 in 1952. Since the 
peak year of 1950, graduating classes have 
been getting smaller and smaller. We can 
expect the decrease to continue until 
about 1955. The number will then begin 
to increase again. 

How many of the future graduates will 
have specialized in the sciences is a ques- 
tion of particular interest. We have at- 
tempted to determine the past trends with 
respect to the distribution of college 
graduates among different fields of spec ial- 
ization. In order to do that we have com- 
bined partial data from a number of 
sources and have supplemented those 
data with a couple of historical sample 
studies of our own. The net result is a con- 
clusion that the percentage of college 
graduates who have majored in one of the 
natural sciences has been dropping rather 
steadily from 1900 to 1950. In 1900 a 
fourth of all recipients of bachelor’s de- 
grees had specialized in one of the sci- 
ences; in 1950 only an eighth had majored 
in a science. During the same 50 years the 
percentage majoring in agriculture and 
engineering has remained fairly constant. 
The percentage for engineering has been 
dropping slightly for the past five years, 
but will begin to show an increase in 1955. 
The number of freshman engineering 
students in the fall of 1951 was some ten 
per cent higher than it had been a vear 
earlier, and in 1952 freshman engineers 
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were up 31 per cent above 1951. Both of 
these figures show that engineering has for 
the past two years attracted an unusually 
large number of freshman men. The gradu- 
ating class of engineers in 1955 can be ex- 
pected to be a little above the class of 1954 
and the class of 1956 can be expected to 
show an even larger increase. 

Figures are not available for equally 
precise statements about the number of 
graduates to be expected in mathematics, 
physics, chemistry, and the other sciences, 
but there is a very real possibility that a 
part of the prospective increases in en- 
gineering graduates will be at the expense 
of decreased numbers in mathematics and 
the sciences. 

While these figures and speculations do 
not indicate just how many future gradu- 
ates in the sciences we can count on, they 
permit several important conclusions: (1) 
The total number of college graduates will 
continue to decrease until about 1955, 
after which the number will begin to rise; 
(2) The number of engineering graduates 
will decrease to 1954 and then begin to 
increase; (3) The number of graduates in 
mathematics and the natural sciences will 
drop for the next few years and may con- 
tinue to decline longer than will the total 
number or the number in engineering, for 
a part of engineering’s gain may be coming 
out of the science fields; (4) The graduates 
in the sciences during these immediately 
future years will not be numerous enough 
to continue the rapid rate of increase of 
recent years. 

All of these statements have been made 
before. They are, in fact, the background 
against which there have developed a 
number of attempts to interest more high 
school graduates in careers in engineering 
and science. The efforts of the Engineers 
Joint Council is one example. The Future 
Scientists of America organization is 
another. In support of such ventures is 
clear evidence that there are lots of bright 
boys and girls who finish high school but 
do not enter college. If we take as a point 


of reference the level of ability of the 
average college graduate of today, as 
measured by the score he makes on a test 
of general academic aptitude or intelli- 
gence, we get the following figures. Of all of 
the boys and girls in the country who are 
at least as bright as the average college 
graduate—about the top 15 per cent of the 
total population—forty per cent finish 
high school but do not go to college; 
twenty per cent start college but do not 
finish; and forty per cent become college 
graduates. If we take a more or a less 
selective level of ability as our standard of 
reference the percentages naturally 
change, but the one illustration is suf- 
ficient to indicate that there are lots of able 
youngsters who might make good college 
material but who do not get to, or at least 
not through, college. 

The reasons for this loss are multiple. 
The first to occur to most of us is lack of 
money. But money is not the only reason 
holding these boys and girls out of college. 
In a not yet published study of all of the 
Minnesota high school graduates of 1950, 
Ralph Berdie found that about half of 
those who were in the top ten per cent as 
measured by the American Council on 
Education Psychological Examination but 
who were not going to college the following 
year said that they would go to college if 
they had the money. The other half in- 
dicated that they would not plan to attend 
college even if funds were available. The 
student’s attitudes, the educational aspira- 
tions which he develops for himself, the 
attitudes towards higher education of his 
family and friends, all of the elements 
which we can lump together under the 
general heading of motivation and in- 
terests appear to be at least as powerful an 
element in keeping a number of potentially 
good students out of college as is the lack 
of money. 

I summarized the first portion of this 
paper with the statement that we can not 
expect as many college graduates in 
engineering and the sciences in the next 
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few years as we have had in the past few 
years and not enough to enable the sci- 
entific fields to continue their growth at 
the recent rapid rate. Earlier I had 
pointed to the great technological changes 
of the current period as evidence of the 
continued high need. We can now add 
another generalization: there is a suffi- 
ciently large supply of ability in the youth 
of the country to make it possible to 
double or perhaps more than double the 
number of college graduates of the caliber 
which now constitutes the upper half of 
college graduating classes. 

The importance of attempts to interest 
more bright youngsters in science and 
mathematics is therefore established. Sci- 
ence needs good brains. The nation’s ad- 
vancing technology needs a steady stream 
of new scientifically trained recruits. To 
identify high school students with poten- 
tial for science and mathematics and to 
provide opportunities for their develop- 
ment is a contribution to the talented 
young people involved and a contribution 
to the future welfare of the society they 
can serve. 

But the task of identifying high school 
students with potential for science and 
mathematics is a problem which involves 
a number of issues. How, for example, does 
a high school student with potential for 
science and mathematics differ from a 
high school student with potential for 
medicine, economics, linguistics, or any 
one of a number of other fields which are 
also important and which also have a right 
to claim a portion of the most promising 
young students. Our own studies of the 
intellectual quality of students who spe- 
cialize in different fields indicate that 
students of mathematics and science are 
on the average slightly better than the 
generality of college students but that 
overlap from one field to another is very 
large indeed. There are other fields which 
now command as qualitatively good a 
group as do the natural sciences. For 
example students receiving degrees for 


major work in psychology, English, for- 
eign languages, medicine, and law average 
as high as those whose baccalaureate 
majors were in the natural sciences. 

A deliberate effort ¢o draw a larger 
number of abler students into science and 
mathematics can be developed along 
either of two lines. If the appeal is general, 
to all high school students who are po- 
tentially good scientists, then the appeal 
is one which may reduce the number of 
students entering other fields. If the effort 
is directed at students who would not 
otherwise enter college, then science and 
mathematics may profit without detract- 
ing from other fields. This second alter- 
native seems to me both the more desira- 
ble and the more difficult of the two alter- 
natives—the more desirable because it is 
calculated to increase the total number of 
high quality people receiving advanced 
training and the more difficult because it is 
hard to plan a program—be it scholarship, 
counseling, or what not—which will in- 
fluence those students who had not other- 
wise planned to go to college without also 
influencing the choices made by those who 
were planning to go to college anyway. 

It seems highly desirable to attempt to 
interest a larger number of the best high 
school graduates in going to college. They 
are the potential leaders of tomorrow. 
With a bachelor’s or some higher degree 
and with the ability which makes their 
college training profitable they will be the 
industrial managers, the research  sci- 
entists, the teachers, humanists, social 
scientists, military leaders, and others who 
will manage our complex social, military, 
industrial, and governmental machinery, 
and we hope, lead us successfully through 
the troubled times in which we live. 

It is easier to make narrow plans than 
broad ones. It is easy to say that we should 
lead more students into the fields of 
science because the sciences need more 
competent workers. They do. But I am 
reminded of the policy statement of the 

(Continued on page 2.40) 
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General Ways to Identify Students with 
Scientific and Mathematical Potential 


By Howarp F. Feur 


Tue Task of identifying giftedness is 
not an easy one. In December 1940, a two- 
day conference and workshop on education 
for the gifted was held at Teachers College 
in honor of the great work done by Leta 
Hollingworth. One section of outstanding 
teachers and educational research workers 
devoted itself entirely to the task of 
identifying the gifted child. The conclu- 
sion reached was: “At the present time we 
have practically no adequate instrument 
for identifying the gifted.’! In The Gifted 
Child? edited by Paul Witty, we read, 
“Present means of identifying and guid- 
ing the gifted leaves much to be desired,” 
and the rest of the brief chapter gives 
adequate support to this stand both in 
its meagerness of discussion and the prob- 
lems for investigation that are raised. 
Even the latest book on Educating Gifted 
Children’ a report on the Hunter 
College Elementary School Program by 
Gertrude Hildreth and others, takes the 
same point of view regarding our ability 
to detect the gifted at an early age. 
Formal tests seem to be the one criteria 
that most people rely upon. 

An acceptable definition of giftedness or 
potential in science and mathematics 
study should be given at the outset, for 
successful search for this talent must de- 
pend on knowning what we are seeking. 
Most of the readers are, no doubt, familiar 
with a number of definitions of giftedness 
or talent, and no repetition will be made 
here. For the most part they use the I.Q. 
as a basis, or a very small fractional part 
at the top of the school population as 


' Teachers College Record, February 1941. 

2 Paul Witty, The Gifted Child (Boston: D.C. 
Heath & Company, 1951), p. 12. 

3 Gertrude Hildreth, Educating Gifted Chil- 
dren (New York: Harper Brothers, 1952). 


Teachers College, Columbia University, New York City 


measured on some type of aptitude test. 
Since in this discussion we are concerned 
with informal or general means of identi- 
fication, the following informal definition 
is proposed. “The gifted child is one who 
shows to an exceptionally high degree, the 
ability to do work with ideas. He is ex- 
ceptionally capable in thinking, that is in 
the manipulation and creation of abstrac- 
tions of word and number.” 

At the outset, it should be made clear 
that we do not subscribe to only this one 
type of giftedness. Psychologists today 
are inclined to recognize others, for ex- 
ample mechanical giftedness, and social or 
political talents, and these may not be re- 
lated to the type of giftedness under dis- 
cussion. We need only refer to the posses- 
sion of space perception abilities. Minds 
that are able to deal in high abstractions 
and logical relations frequently fail misera- 
bly in space perception tests. Yet this 
space perception ability (abilities) is an 
important essential in modern engineering 
and technological design. 

The identification, other than by formal 
testing, must come about through ob- 
servation. This calls for judgments on the 
part of the teacher, as he observes and 
interviews the child; the parents as they 
report on the child’s behavior in and 
around the home; and the associates as 
they report on their relations with the 
child at play and at work. All studies thus 
far point out the extremely poor record of 
identification of the gifted child on the 
part of teachers. They miss the boat to 
the extent of selecting only fifteen cor- 
rectly out of one hundred they name. How 
many they miss by not naming is un- 
known. Herbert Carroll in his Genius in 
the Making lists three reasons for this. 
(1) The personal equation, that is likes 
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and dislikes; confusion of friendliness, 
obedience, conformity, beauty, and the 
like for ability and talent in science; (2) 
lack of standards, that is, the teacher has 
no valid estimate of memory, curiosity, 
abstract thinking, with which to compare 
these qualities in the student’s classroom 
performance; and (3) chronological age 
factors, that is, the teacher overlooks the 
difference in ages of two students of 
equally high grade performance.‘ 

There may be other reasons for teachers’ 
inability to select talented youth. They 
may lack psychological knowledge and 
bases for making judgments; they may be 
average in intelligence themselves and 
hence lack the ability to make the keen 
discernments, valid introspections, and to 
supply opportunities for giftedness to ex- 
press itself. Teachers must be trained to be 
better observers of essential traits that 
mark genuine talent. Insofar as teachers 
are able, they should begin to put the in- 
formal means suggested herewith (and 


others) to work. They should keep anec- — 


dotal records of their judgments and 
follow through for several years the 
chiklren on whom they make judgments. 
They can correct errors, improve and 
strengthen their abilities. They should 
emulate Leta Hollingworth who was a 
genius at “introspection.” It would appear 
that the most immediate problem is one 
of aiding teachers to make better selec- 
tions than they have in the past. 
Characteristics of gifted children have 
been enumerated by all the researchers in 
this field. Here are stated the more gener- 
ally recognized traits and suggested 
methods of identifying them in the class- 
room. The mark of giftedness lies not in the 
possession of these characteristics, but in 
possessing them at a high deviation from 
even the more able students. Illustrations 
were chosen from my own and my col- 
leagues’ experiences, with the hope that 
these incidents will help the reader to re- 
call similar situations, and to make some 


4 Herbert A. Carroll, Genius in the Making 
(New York: McGraw-Hill Book Co., 1940). 
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sort of generalization for recognizing the 
trait. 

The most significant trait is an extraor- 
dinary memory. Gifted children have a 
mental storage capacity that is truly 
amazing, and it seems to be in part a result 
of relational thinking. Perhaps a simple 
example is the boy who in the senior year 
of high school could give at sight the 
square of any number between one and one 
hundred. He had learned the squares up 
to twenty-five in the eighth grade, and of 
his own accord had taken the task of 
learning all of them up to one hundred. 
Five years later he could call forth the 
answer, although in the interim he had 
very little practice in their use. He could 
not explain how he remembered these 
numbers. The gifted child seems never to 
forget. 

A second significant trait is the ability 
to do abstract thinking at a high level. Bril- 
liant students make generalizations quickly 
and accurately. 

In a first grade class a boy gave his 
weight as 60 pounds. The teacher told him 
to stand on one leg and asked him his 
weight then. He, and several other chil- 
dren, said 30 pounds. But one girl insisted 
he still weighed 60 pounds, since standing 
on one leg had no effect on changing your 
weight. The important fact is not that 
these children could take one-half of 60 
correctly at age 7, but that the one child 
could detect the generalization about 
weight. 

A similar generalization is shown by the 
following student in plane geometry. The 
class had been given Morley’s theorem on 
the trisectors of the angles of any triangle 
meeting in points that formed the vertices 
of an equilateral triangle. Next day, the 
student told the class he had discovered, 
that while this theorem about trisectors of 
angles was true for any triangle, it was not 
true for polygons of more than three sides, 
unless the polygon was regular, in which 
case the intersections were vertices of 
another regular polygon of the same 
number of sides. While this appears per- 
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haps a trivial discovery, its significance is 
seen in the fact that no other high school 
student or textbook writer appears to have 
made the generalization, for it appears in 
none of the textbooks with which the 
writer is acquainted. 

A third trait shown by the gifted is that 
of applying their knowledge—seeing mathe- 
matics and science in their environment. 
They are facile in the application and 
manipulation of symbolic and relational 
thinking. An eighth grade boy was re- 
ported as non-cooperative and deficient 
because he refused to do the strong-arm 
calculations required in his science class. 
In mathematics he was interested in ideas, 
but also resisted computational practice. 
On return from his summer vacation, 
which was spent in a lumber camp, the 
boy exhibited a new tape he had devised 
for measuring diameters of trees. On an 
ordinary tape he marked 1 at 3+ ft., 2 at 
63 ft., ete., and then divided each of these 
sections into 100 equal parts. The readings 
on the new tape gave the diameter of the 
tree to the nearest hundredth of a foot. 
This boy readily applied his mathematical 
ideas to a practical problem. He went on in 
his studies and is now a brilliant science 
student in college. 

A fourth recognizable trait is intellectual 
curiosity. The gifted child has motivation 
other than making good grades or con- 
forming to a classroom pattern of instruc- 
tion. He is speculative, but with it all 
arrives at his conclusions through a very 
high sense of logic. 

A ninth grade algebra class (above 
average) had been introduced to exponents 
and the use of the slide rule. They were 
given student rules with which to work. 
One boy asked if a slide rule could be made 
to the base 5 instead of the base 10. Told 
that it could, but it would be quite a lot 
of work, he developed a set of logarithms 
to the base 5, operating in the base 5 made 
an A, B, C and D scale to the base 5, and 
produced a slide rule, probably the first 
slide rule to the base 5 that was ever 
made. Later he made a simple computing 
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machine to the base 5. This boy is literally 
a genius in mathematical analysis, and in 
his junior year could do the whole year’s 
work before entering the class. He learned 
nothing new in class because the instructor 
taught only a fixed course. Fortunately, he 
had recourse to other mathematics pro- 
fessors and was well through calculus as he 
entered his senior year in high school. 

A fifth trait is the persistent goal- 
directed behavior. Children with this trait 
have the capacity for long and deep con- 
centration on their problems. They do not 
give up. 


A good student in plane geometry 
solved the “Butterfly” original after hours 
and hours of concentration. This original 
concerns the fact that if through the mid- 
point M of a chord, any two chords AB 
and CD are drawn, then AC and DB meet 
the chord at S and R with RM =MS. The 
teacher had not found a solution by 

Suclidean methods and so resorted to 

analytic geometry to establish the theo- 
rem. The student refused the easy way 
and finally discovered the proof by draw- 
ing a parallel to the chord RS through A 
and showing A’, R, M and D to be con- 
evelic. 

This stick-to-itiveness is a rare trait and 
is not to be confused with that of the 
plodding individual who tries and tries 
and finally muddles through to a solution. 
The teacher must distinguish between the 
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two. The gifted student is never satisfied 
with muddling through. He refines and 
polishes, and even seeks better solutions. 

A sixth characteristic, hard to define, 
may be given the title zntuiteon. The 
talented student has insight and penetra- 
bility to the problem under consideration. 
He is mentally quick; he sometimes grasps 
the solution in a manner that is almost in- 
comprehensible to teachers. His solutions 
are amazing. 


c 


An example of this is the response of a 
student to the well-known Nedian theo- 
rem, that the solution could be obtained 
by drawing parallels to any Nedian 
through the remaining points. When 
pressed as to why he selected these lines, 
his response was that it was plain that it 
was a problem in proportionality. His at- 
tack was correct. 

The story of Gauss on the sum of an 
arithmetic progression is another illustra- 
tion of this intuitive grasp of solutions. I 
may add that the biographies of great 
mathematicians and scientists give many 
clues to giftedness. 

A seventh characteristic is the high 
vocabulary and facility of expression in 
scientific matters. If teachers will allow 
students to work on a project or paper and 
then read these papers, they can readily 
detect high ability as contrasted with 
ordinary ability. I need only cite the 
papers presented in the “Talent Search” 
contests as prime examples. In fact the 
scientific language and lucidity of expres- 
sion on these papers can overwhelm the 
teacher. 

An eighth characteristic, and one that 
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is very significant, is the presence of a 
hobby which is hard ridden. The gifted 
student usually has a special interest, in 
which he reads and works, and he con- 
stantly relates it to everything that goes 
on in the class. Take the case of Libby. 

In geometry, during the study of con- 
structions, she made all kinds of beautiful 
designs, with color. She enjoyed curve 
stitching and invented some of her own 
designs. The teacher cautioned Libby 
about wasting time on inconsequentials 
rather than improving her ability in 
logical analysis. When the study of locus 
took place, Libby located every conceiva- 
ble object in a room equally distant, or at 
a fixed distance, from designated places or 
paths in the room. When a unit in coordi- 
nate geometry was undertaken, Libby 
coordinated every community institution 
and every pipe and sewer line with respect 
to two main streets in the commercial, and 
then in the residential area of her com- 
munity. Today Libby is a town planner of 
national reputation in a sizable city. The 
teacher could have helped by encouraging 
the hobby and directing it, rather than 
pushing the regular course material. 

The interest may be in soil, plants, 
animals, electronics, or mathematics, but 
it is always there and always crops out. 
Students who possess such an interest are 
not wasting time at it. 

A ninth characteristic is virtuosity. The 
gifted student gives things a new turn. It 
is not only curiosity, but it is a creative 
aspect that even able students do not seem 
to possess. This was evident in the case of 
Abel who was attempting to find an alge- 
braic solution to a fifth degree equation. 
Not succeeding, he gave the problem a new 
twist, by an idea that was altogether new 
in mathematics. He probably said to him- 
self “Maybe I can prove that the solution 
is impossible.” Another illustration is the 
case of a student in the senior year in high 
school studying conic sections. The cone 
was cut by planes giving the usual sec- 
tions. This student raised the question, 
what happens when you cut the cone by a 


ed 

he 

he 

al- 

rit 

n= 

ot 
B D | 

al 

B 

t 

e 

y 

oO 

y 

{ 


234 THE MATHEMATICS TEACHER 


curved surface, for example, a parabolic 
beam of light. He devised a rotating coni- 
cal surface, threw a parabolic beam on the 
cone and investigated the resulting space 
curves. This same student also invented 
(in his senior year in high school) a 
machine for demonstrating the laws of 
multiplication for quaternions. He is now 
a researcher in the field of electronic com- 
puters and differential analyzers for the 
U. 8. Air Force. The students who ask 
intelligent questions that state problems 
in new and more general forms are proba- 
bly the creators of tomorrow. 

In connection with traits, there is an 
excellent article by Zachariah Subarsky in 
the May 1948 issue of the Scientific 
Monthly. In it the following character- 
istics are noted and well illustrated: (a) 
innate curiosity, (b) observation of dis- 
crepancies in a given situation, (c) the 
ability to formulate hypotheses for testing, 
(d) the ability to translate observational 
facts into quantitative or mathematical 
terms, and (e) the engineering mindedness 
which creates and sets up equipment and 
laboratory procedures for testing hypoth- 
eses.® 

A final trait I would mention, because 
of its real significance in selection of 
gifted students, is their sound knowledge 
of advanced arcas in the field of mathe- 
matics and science. They have read and 
studied by themselves and turned up in 
class with neat solutions of problems in 
terms of calculus, analytic geometry, or 
even differential equations, while the 
ordinary algebraic solutions are long and 


5 Zachariah Subarsky, ‘‘What is Science 
Talent?” Scientific Monthly, LXVI (May 1948), 
377-82. 


involved. The evidence of such knowledge 
must certainly have been detected in their 
own experiences by many of the readers 
of this article. 

A word about teaching and teachers in 
relation to observing traits that signify 
giftedness in science is in order. The teach- 
ing must permit opportunity for experi- 
ence and exploration in various mathe- 
matical and scientific areas. Unless all 
students are given an opportunity to dis- 
play their talents, it will be impossible to 
unearth the exceptional talent and charac- 
teristics that have been enumerated. This 
means that the teacher who teaches a 
textbook only, with definite assignments 
for all and nothing beyond these assign- 
ments, will hardly be in a position to dis- 
cover talent. Conformity to a set pattern 
of instruction, doing the teacher’s assign- 
ment perfectly, cooperating and satisfy- 
ing, as fine qualities as they may be, are 
not signs of giftedness, and teachers should 
know this. Latent ability may crop out at 
a most unexpected time, and unless oppor- 
tunity is continuously given for explora- 
tion, for experiencing, for creativeness, 
and for generalizing within the teaching 
of our science, we can hardly hope for the 
characteristics of giftedness to be dis- 
played. 

To summarize, some important charac- 
teristics of giftedness in science are, ex- 
traordinary memory, high ability in 
abstract thinking, ability to apply knowl- 
edge, intellectual curiosity, persistent 
goal-directed behavior, intuition, insight, 
and penetrability in a problem, high vo- 
cabulary and facility in verbal expression, 
a hobby which is all-absorbing, originality 
or virtuosity, and advanced scientific 
knowledge. 


The readability boys and their word-counting machines have gone too far, according to Stephen E. 
Fitzgerald in a Saturday Review of Literature article (February 14, 1953) entitled ‘Literature by 
Slide Rule.” Mr. Fitzgerald says he believes that research in readability has had a wholesome effect 
on some writers and their writing. But from a science, readability has become an industry. For- 
mulas, counting devices, straight-edge gimmicks—all seek to put a strait jacket on writing. In addi- 
tion to the readability techniques, writers must also have something important to say; they must 
assume that their readers have enough intelligence to “catch” what the writer is trying to “pitch”; 
and they must remember that it is ideas and not words alone that count. 
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The Organization of Instruction in Arithmetic 
and Basic Mathematics in Selected 
Secondary Schools 


By Lee Irvin 
Special Research Project Director, Southern Section 
California Mathematics Council, Rosemead, California 


Dur1nG the school-year of 1951-52, the 
Southern Section of the California Mathe- 
matics Council sponsored a research proj- 
ect concerned with the offerings in arith- 
metic and other non-traditional mathe- 
matics courses at the high school level.! 
The purpose of the project was two-fold: 
(1) to discover current practices which 
might be adapted for use in improving 
non-traditional mathematics courses at 
the secondary level and (2) to find bases 
for making recommendations for the re- 
organization of the high school mathe- 
matics program. The nature of the study, 
therefore, was that of “action research” 
such as was recently proposed by the 
Commission on Life Adjustment Educa- 
tion. 

Representatives of ninety-two schools, 
situated in thirty-five states and the 
District of Columbia, took part in the 
project by supplying information con- 
cerning their present offerings and by out- 
lining certain plans in progress for im- 
proving their programs. The schools were 
located by the following means: (1) 
through references in the literature to ex- 
perimental courses or successful proce- 
dures in progress at the time, (2) upon the 
advice of certain city and county super- 
visors, (3) by contacts made with certain 
leaders in the field of mathematics edu- 
cation, (4) upon the advice of certain cur- 
riculum research specialists, and (5) 


' For the purposes of this report, the term 
non-traditional mathematics courses will refer to 
all high school mathematics courses other than 
the traditional college preparatory sequence of 
Algebra I, plane geometry, Algebra II, trigo- 
nometry, and solid geometry. 


through other reports from the field. 

The reports included information re- 
garding three main aspects of the prob- 
lems involved in the reorganization of the 
mathematics program: (1) the adminis- 
trative aspects of curriculum reorganiza- 
tion, (2) the selection and organization of 
subject matter content and activities for 
the non-traditional mathematics courses, 
and (3) teaching procedures and methods 
of evaluation. 

Ten specialists, five in the area of math- 
ematics education and the others in the 
area of curriculum research and reorgani- 
zation, cooperated in the project by 
offering useful information and sugges- 
tions or by assisting in the evaluation of 
the findings. The cooperating specialists 
were as follows: 


A. Mathematics education specialists— 

CARPENTER, Mathematics Education 
Supervisor, Secondary Curriculum Divi- 
sion, Los Angeles City Schools 

A. GaGer, Professor of Mathemat- 
ies, University of Florida, Gainesville, 
Florida 

Donovan A. JoHNson, Head of the Mathe- 
matics Department, University High 
School, University of Minnesota, Minne- 
apolis, Minnesota 

F. Lynwoop Wren, Chairman of the Mathe- 
matics Department, George Peabody Col- 
lege for Teachers, Nashville, Tennessee 

James H. Zant, Professor of Mathematics, 
Oklahoma Agricultural and Mechanical 
College, Stillwater, Oklahoma 


B. Specialists in curriculum research or reor- 


ganization— 
Harotp Professor of Education, 
Ohio State University, Columbus, Ohio 
Haru R. Dovauass, Director of the College 
of Education, University of Colorado, 
Boulder, Colorado 

Joun R. Eaves, Curriculum Coordinator, 
Division of Secondary Education, Los An- 
geles County, and Director of the South- 
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Council 
FrepDeRICK J. WreeRSING, Curriculum Con- 
sultant and Professor of Seeondary and 
Higher Education, University of Southern 
California 
J. Wayneé WRriGHTSTONE, Director of Edu- 
cational Research, Board of Education of 
the City of New York 
The opinions of the specialists listed 
above were used constantly in classifying 
and analyzing questionnaire replies, as 
well as in making the concluding recom- 
mendations regarding the reorganization 
of the high school mathematics program. 
The questionnaire constructed for use 
in the investigation of the selected schools 
included fifteen items for obtaining general 
information, twenty-five regarding curric- 
ulum reorganization practices, thirty- 
seven on teacher preparation and related 
matters, and thirty-five concerned with 
classwork and methods of evaluation. In- 
formation secured by the questionnaire 
was supplemented by classroom visits to 
ten of the schools in question, by a library 
survey of related literature, and by a more 
detailed study of the work being offered 
by fifteen of the selected schools, each of 
which gave one or more of nineteen courses 
that seem to be representative of current 
non-traditional mathematics offerings. 


SUMMARY OF FINDINGS 


It was found that seventy-four of the 
ninety-two cooperating schools offered 
either a three-track or a multiple-track 
mathematics program; sixteen offered a 
double-track program, either at the ninth 
or twelfth grade level or at the ninth and 
twelfth grade levels; twenty-nine offered 
related mathematics in connection with 
industrial arts and agricultural curricula; 
and nine of the schools offered special- 
interest mathematics courses for girls in 
home-making, household arts, or pre- 
nursing curricula. 

Although several of the non-traditional 
mathematics courses offered were of the 
“fused” or “unified” type and many were 
of the “consumer mathematics” type, the 
majority were courses in arithmetic of 


ern Section of the California Mathematics 


varying degrees of difficulty, stressing 
understandings of number relationships 
and the basic principles of mathematics 
together with the uses or applications of 
such knowledge. 

Forty-three of the schools included in 
the selected group offered their non- 
traditional mathematics courses in a two- 
to-four year sequence, and thirty-three 
schools offered two or three differentiated 
non-traditional courses. The cooperating 
specialists, for the most part, agreed that 
a carefully developed sequence of two to 
four years would probably afford the best 
means of attaining the objectives of the 
non-traditional mathematics courses, and 
they further recommended that basic 
concepts and principles be taught through 
a spiral treatment of mathematical topics. 

Although twenty schools (22 per cent) 
offered related mathematics instruction in 
classes of a modified core section type, the 
investigation revealed little use of the core 
curriculum at the high school level. Only 
four of the cooperating schools (4.4 per 
cent), two of them in California, reported 
the use of such an organizational plan. 

Course outlines provided by the co- 

operating schools reveal that steady prog- 
ress is being made toward meeting the 
students’ needs through the careful selec- 
tion and organization of subject-matter 
content as well as through the use of a 
wide variety of modern supplementary 
materials. The large number of non- 
traditional courses being offered through- 
out the nation in the area of mathematics 
may or may not be encouraging from the 
viewpoint of the curriculum § specialist. 
One of the contributing curriculum spe- 
cialists, however, made the following 
comments: 

In an ideal school, the mathematics needed 
by all for general citizenship education would be 
included in the core in a block of time devoted to 
major problems of living, and skills would be ac- 
quired in a social context. No mathematics 
would then be required outside of the core, 
either at the junior or senior high school level. 
Outside the core, beginning with the ninth 


grade, I would provide a rich elective offering of 
mathematics tailored to meet the specialized 
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needs of the students—intellectual, aesthetic, 
and practical. 


Despite the fact that the Commission 
on Post-War Plans of the National Coun- 
cil of Teachers of Mathematics has recom- 
mended a double-track mathematics pro- 
gram, the specialists in mathematics 
education who cooperated in the project 
are now agreed that the modern high school 
should offer at least a three-track mathe- 
matics program, and one of the specialists 
recommends that a multiple-track pro- 
gram be extended into the special-interest 
areas. All were generally agreed that 
business arithmetic and consumer mathe- 
matics, either as separate courses or as 
units in some sequential course, should be 
offered at the upper high school level. 
Many of the applications which should be 
included in such a study could thus be 
presented to students who would be of 
sufficient maturity to understand and ap- 
preciate them. Both the mathematics 
education specialists and the curriculum 
specialists agreed that there should be 
some program whereby ‘maintenance of 
the fundamental skills’ or “an increased 
ability to use mathematical principles” 
would be assured to whatever extent 
possible, and two of the specialists recom- 
mended that “more consideration be 
given to mathematics in the core curric- 
ulum.” 

Gager, in a discussion of the problem 
of special-interest mathematics courses, 
wrote as follows: 

I see very little use in most of our secondary 
schools for specialized mathematics courses. For 
instance, more than half of the students who 
might take a course in the mathematies of farm 
management or in agricultural problems would, 
in all probability, never follow agricultural work 
of any kind. It seems to me that we need to get 
the basic ideas and principles across to our stu- 
dents, and the special fields could then be mas- 
tered as the need for any particular type of math- 
ematics developed. 


Although he has previously been in- 
clined to go along with the Commission on 
Post-War Plans in the recommendation 
of a double-track mathematics program, 
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Gager now has the following to say in 
regard to this matter: 


In general, I have not been in favor of a third 
track in the mathematics program. However, 
due primarily to social promotions in some 
school systems and possibly to other factors, 
there are some students who come to the ninth 
grade with what appears to be a total lack of 
mathematical ability. I feel that these students 
should not be allowed to ruin the opportunities 
of those who are ready to progress successfully 
in functional mathematics; therefore, I believe 
that such students must be provided with special 
remedial or “‘refresher’’ courses. 


Zant, another of the cooperating special- 
ists, wrote as follows concerning the rec- 
ommendation of a double-track mathe- 
matics program: 


I am now convinced that we need a three- 
track program: one for college preparation [of 
science, mathematics, and engineering majors], 
one for the low group, and one for the relatively 
large middle group who may or may not go to 
college but who will carry on the real work of the 
community in the future. 

These students will have need of a broad, 
basic block of mathematics that is not covered 
by shop mathematics, by consumer mathemat- 
ics, or by commercial arithmetic. They should 
be offered a strong sequential course planned 
for students with average or more than average 
ability who will have no need for the specialized 
traditional mathematics courses. 


Wren put the matter in question form 
and, at the same time, pointed out one of 
the most serious obstacles to be sur- 
mounted in the formation of good non- 
traditional mathematics courses: 

Why is it that we, who work in a field of 
thought which emphasizes the attitudes and 
procedures of critical thinking, should be in- 
clined to postulate a pattern of subject-matter 
organization whose major cause for existence 
may be mere tradition?... One of the major 
obstacles encountered in trying to give dignity 
to [the non-traditional mathematics courses] is 
the inability to get the approval of our fellow 
workers in the field of mathematics.... We 
need to re-think the entire mathematics pro- 
gram from the primary grades through junior 
college... . We need more work of this kind on 
a national scale. 


It seems that the majority of the co- 
operating specialists evidently believe 
that the recommendations of the Com- 
mission on Post-War Plans furnish a 
“point of departure” from which to begin 


: 
cs 
of 
in 
e 
d 
it 
t 
] 
| 


THE MATHEMATICS TEACHER 


Most FREQUENTLY REPORTED PRACTICES IN PROVIDING FOR 
INDIVIDUAL DIFFERENCES WITHIN THE CLASSROOM* 


P ractice 
Didlerentiated 
Special lessons for weaker students 
Special lessons for stronger students 
Special reports on current topics 


Small groups within the class 


Number Per Cent 


Working on different aspects of same topic 


Working on different assignments 
Projects 


Construction of visual aids 


Demonstration of mathematical principles 


Scrapbooks on uses of mathematics 


Notebooks (principles, examples, sketches) 


Taking charge of bulletin boards 


Working almost entirely individualized 
Supervised study within the classroom 
Use of Strathmore Sheets 
Use of Arith-o-Cards and ph games 


Use of much supplementary work 


Duplicated materials 
Different sets of books; ‘“‘r 


Use of many diagnostic tests 
Use of resource units 
Sections working with 


eading corner” 


“adapted materials” 


(Problem-solving group) 


14 
3 


* This table includes replies from seventy-eight classroom teachers of non-traditional mathe- 
maties courses 

The first line of the table should be read thus: Sixty-seven teachers, comprising eighty-six per 
cent of those giving information regarding classroom practices, were using differentiated assign- 
ments as a means of providing for individual differences within the classroom. 


a thorough reorganization of the mathe- 
maties program. Two of the specialists 
also recommended that the mathematics 
courses be “‘ungraded”’ at the high school 
level. 

Kighty-one of the cooperating schools 
reported increasing mathematics enroll- 
ments, and eighty-six reported decreasing 
student failures in mathematics classes. 
Kighty-eight of the schools (96 per cent) 
reported definite guidance programs and 
well defined procedures for selecting and 
enrolling students in the various mathe- 
matics courses. The reported plans varied 
from simple, commonly used methods to 
rather complex procedures, and most of 
them included a consideration of the fol- 
lowing items: (a) the student’s past 
achievements, (b) teachers’ recommenda- 
tions, (¢) reading comprehension test re- 


sults, (d) special interests and vocational 
preferences, (e) I.Q. scores, and (f) parents’ 
wishes. The cooperating specialists agreed 
that adequate guidance is obviously a 
necessity for the success of any educa- 
tional program and that informed counsel- 
ing will provide an important means to- 
ward attaining the objectives of non- 
traditional mathematics courses. 

Regarding in-service teacher education 
programs, the cooperating specialists 
agreed that a study of the following topics 
would prove valuable aids to better 
teaching: (a) the nature of child growth, 
(b) techniques of guidance, (c) the nature 
of the learning process, (d) curriculum re- 
search, and (e) the nature of the com- 
munity and of the vocational opportuni- 
ties within the community. 

Respondents from seventy-two of the 
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cooperating schools reported “adminis- 
trative encouragement” of curriculum 
revision in their schools; however, only 
thirty-six indicated that the time for such 
work was provided by the school. In 
thirty-seven schools, space was provided 
for such work; in thirty-two schools a 
professional library and materials were 
provided; and in twenty-four schools sec- 
retarial services were provided. In seven 
of the schools, three of the above- 
mentioned provisions were made; and in 
five instances, all four provisions were 
made by the school. 

Other findings of the investigation dealt 
with the use of workshops, the building of 
resource units, class size, the qualifications 
for teachers of the non-traditional mathe- 
matics courses, provisions for individual 
differences within the classroom, the use 
of teaching or learning sequences in arith- 
metic classes, and methods of evaluation.? 
It may be noted here that the majority of 
the questionnaire respondents, as well as 
of the cooperating specialists, agreed that 
the area of evaluation offers a wide field 
for further research. 


RECOMMENDATIONS 


1. There is need for an Articulation 
Committee—on a state-wide level, if possi- 
ble—to consider means of developing a 
sequential and closely coordinated pro- 
gram of mathematics instruction extend- 
ing from the kindergarten through high 
school or junior college, 

2. There should be a Mathematics 
Program Committee at the local level, in- 
cluding—if possible—a member of the 
Articulation Committee, representatives 
from the elementary schools, all interested 
members of the mathematics department 
of the junior and senior high schools, 
representatives from other departments 
of the school—especially from the in- 

2 Teachers and department heads wishing 


further information regarding the other findings 
of the reported investigation may send a 


stamped, self-addressed envelope and their in- 
quiry to Dr. Lee Irvin, P.O. Box 102, Rose- 
mead, California. 
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dustrial arts and business education de- 
partments, adults from the community, 
and two or three students, with provisions 
for later inclusion of other school personnel 
who become interested as the work 
progresses. 

3. The school should provide, within 
whatever limits are financially possible, 
school time, a professional library and 
materials workshop, secretarial services, 
and the advice of competent consultants 
for the work of curriculum revision. 

4. Curriculum revision, the building of 
resource units, and the development of 
teaching sequences should be a part of the 
in-service teacher education program. 

5. Secondary schools should offer a 
multiple-track mathematics program; se- 
quential, ungraded courses in non-tradi- 
tional mathematics should be organized; 
qualified mathematics teachers should be 
used for instituting core courses or modi- 
fied core sections; and the traditional 
mathematics sequence should be im- 
proved, with the label of “college prepara- 
tory” being dropped from such courses. 

6. In connection with both curriculum 
and course revision, administrators and 
department chairmen should recognize 
the necessity of a continuous cycle of trial, 
evaluation, and reorganization. 

7. Teachers and counselors should be- 
come aware of the educational philosophy 
underlying the teaching of non-traditional 
mathematics courses in the secondary 
school, and they should understand the 
major objectives of each course, or se- 
quence of courses, in the mathematics 
program. 

8. Varied criteria should be used in the 
selection of subject matter content for the 
courses in each “‘track’’: 

(a) Current, successful practices 

(b) The nature of child growth and 

development 

(ce) The recommendations of specialists 

(d) The demands of society, both at 

present and in the near future 

9. Varied criteria should be used in the 
organization of subject matter content and 


| 
| 
| 


240 


activities for the courses in each “track”: 

(a) Mathematics should be taught as a 
system of related ideas (logical 
organization) 

Consideration must be given to the 
nature of the learning process 
(psychological organization) 

(ce) Applications should be chosen 
which are within range of the 
students’ social and economic un- 
derstandings (sociological organi- 
zation) 

10. The work offered in each course 
should be sufficiently varied to meet in- 
dividual student needs. Mathematical ex- 
periences should be provided which will 
serve (a) to develop. skills and under- 
standings in the fundamental processes, 
(b) to contribute to the common learnings 
program, (c) to further the growth of 
special interests, and (d) to provide 
educational and vocational guidance. 

11. Mathematics teachers should give 
more attention to developing basic num- 
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ber concepts and principles, number 
relationships and relationships of the 
fundamental processes, means and uses of 
approximation, and methods of problem- 
solving. They should understand the use 
of a spiral treatment of subject matter, 
and they should give more attention to the 
matter of adapting teaching procedures 
and methods of evaluation to the types of 
students taught. 

12. Mathematics teachers should realize 
that evaluation is a continuous process 
involving numerous personal conferences 
and observations of attitudes and behavior 
as well as including paper-and-pencil 
tests. Evaluation must be concerned with 
individual growth resulting from personal- 
ized instruction rather than with achieve- 
ment comparisons between members of a 
group. More effort should be put into the 
development of tests and other means of 
measuring growth in terms of the objec- 
tives of modern mathematics education. 


Future Supply of Science and 
Mathematics Students 


(Continued from page 229) 


committee which wrote the fellowship rec- 
ommendations of Dr. Bush’s Science, the 
Endless Frontier. This is their statement: 


The uses to which high ability in youth can 
be put are various and, to a large extent, are de- 
termined by social pressures and rewards. When 
aided by selective devices for picking out scien- 
tifically talented youth, it is clear that large sums 
of money for scholarships and fellowships and 
monetary and other rewards in disproportionate 
amounts might draw into science too large a per- 
centage of the Nation’s high ability, with a re- 
sult highly detrimental to the Nation and to sci- 
ence. Plans for the discovery and development 
of scientific talent must be related to the other 
needs of society for high ability; science, in the 
words of the man in the streets, must not, and 
must not try to, hog it all. This is our deep con- 
viction, and therefore the plans that we shall 
propose herein will endeavor to relate the need 
of the Nation for science to the needs of the Na- 
tion for high-grade trained minds in other fields. 
There is never enough ability at high levels to 
satisfy all the needs of the Nation; we would not 
seek to draw into science any more of it than sci- 
ence’s proportionate share.‘ 


As a matter of psychological science it 
would be interesting to be able to differen- 
tiate those high school students who have 
the potential for successful careers in 
science and mathematics from those who 
have the potential for successful careers in 
other fields. But as a matter of social 
policy it would be preferable to identify 
those high school students who have the 
potential for successful careers in any of 
the fields of advanced training and to 
provide opportunities for their develop- 
ment, letting each be influenced by his 
own wishes, by the competing attractions 
of a variety of fields, and by his own de- 
cisions as to which career is best for him. 
Within such a program there would be 
many who would enter the sciences. 
Science would therefore profit as much 
from the broader program as from a 
narrower one, but the country as a whole 
would profit more. 

4V. Bush, Setence, the Endless Frontier. 
(Washington, D. C.: Gov’t Printing Office, 
1945), page 136. 
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General Education Values of Mathematics and the 
Attempt of a Faculty to Teach Them 


By Joun R. ABERNETHY 
Arkansas Polytechnic College, Russellville, Arkansas 


MATHEMATICS in general education rests 
upon these axioms. We believe: (1) that 
mathematics contains values that every- 
one needs; (2) that most people are ca- 
pable of acquiring needed values from 
mathematics; and (3) that the worth of 
the individual justifies the effort required 
to give him or her these values. 

As our first general education value of 
mathematics, we consider the basic factual 
information and skills that make mathe- 
matics a tool for everybody, that make it a 
key to other knowledge, and that make 
mathematics the queen of the sciences be- 
cause it has become the servant of all. 
Everyone needs some mathematics as a 
tool and, for this reason, it deservesa 
place in the general education program. 
We take pride in the contribution that 
mathematics has made to our civilization, 
in the comforts it has brought to mankind, 
and in the increased production it has 
given to agriculture and industry. We see 
in mathematics a tool by which additional 
comforts and production will be brought 
to us in the future. We also see it as a key 
that will unlock personal opportunity for 
many in a widening range of human 
achievements. But even in non-mathe- 
matical areas of service there is a certain 
body of information and skill that must 
be a part of every well educated person, 
whatever his specialty. 

The tool needs of an individual in 
mathematics may be compared with the 
tool needs of an individual in farming. 
Just as a spade will be satisfactory in 
digging a garden, but a plow will do a 
better job, so a certain amount of arith- 
metie will do for daily living, but more 
mathematics is desirable when it comes to 
balancing a bank statement and _ filling 
out a government form. Regardless of the 


mathematical attainment of the student, a 
greater proficiency in mathematics is an 
open door to greater opportunity. 

As our second general education value of 
mathematics, we consider the aid it can 
give in personal adjustment. Too often 
mathematics has been a hindrance in this 
respect rather than a help. Frequently 
there is a psychological block. For exam- 
ple, in the teaching of agricultural mathe- 
matics, we find students who failed alge- 
bra in high school. As long as they are 
being taught the applications of arith- 
metic, they progress satisfactorily, but 
when we start teaching the applications of 
algebra, we find that they “block.”” They 
never have learned algebra, they never 
expect to learn algebra, and they freeze 
mentally in the presence of anything re- 
sembling algebra. When additional train- 
ing in mathematics was made available at 
the high school level, it was soon dis- 
covered that not all students were equal in 
either interest or ability. Classes became 
unbalanced as many children could not or 
would not absorb the traditional education 
of the scholastics. Today we are interested 
in the good that the individual gets out of 
his education. We are also interested in 
the value an educated man can be to his 
community. We want well integrated per- 
sons of self-confidence and poise. Too often 
the individual who has been endowed with 
little natural aptitude for mathematics 
has been exposed to still less inspired and 
interested guidence in its bewildering in- 
tricacies. This student gradually congeals 
into an attitude of “I am dumb and no- 
body but a really smart person can make 
any sense out of mathematics, no matter 
how hard he tries.”’ Just as a series of 
patient and efficient boxing lessons will 
transform the personality of the timid 
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little boy in the tough neighborhood, so 
the patient and efficient instruction in 
some of the fundamentals that can be mas- 
tered will transform the personality of the 
mathematically timid. If mathematics is 
to fill its place adequately in the general 
education program, it must help these 
students to better personal adjustments 
by giving them tasks which they can ac- 
complish successfully and on which they 
can grow. 

As our third general education value of 
mathematics, we consider the experience it 
offers in unprejudiced and logical think- 
ing. Mathematics offers the only field of 
endeavor that operates without prejudice, 
in favoring neither race, creed, economic 
position, or form of government. It can be 
practiced without any emotional dis- 
turbance, and international understanding 
is at its greatest in the field of mathe- 
matics. Two plus two equals four even 
when it is translated into Russian. Critical 
thinking, values, and judgment form a 
major emphasis of general education. The 
colleges are now seeking to train young 
people who are potential homemakers and 
contributors to the religious, social, and 
political activities of their communities. 
If this training is to be effective, it must 
contain attitudes of respect for the opin- 
ions of others in developing value judg- 
ments, and fairness in judging controver- 
sial matters taking into consideration all 
sides of the subject. Fair mindedness is a 
definite aspect of mathematics, and in our 
program of general education, we should 
find mathematics upholding truth, in- 
tegrity, and honesty, for they are at the 
heart of the subject. 

As our fourth general education value of 
mathematics, we consider its esthetic value. 
A somewhat extravagant expression of 
this value is given in Edna St. Vincent 
Millay’s poem, ‘Euclid Alone Has Looked 
on Beauty Bare.’’! The esthetic value of 

1 Edna St. Vincent Millay, “Euclid Alone 
Has Looked on Beauty Bare,’ Chief Modern 
Poets of England and America, ed. G. Sanders 
and J. Nelson (New York: Maemillan Co., 
1929), p. 626. 


mathematics is more than its tool value 
in the fine arts. It is the sense of value 
that comes from looking at form and sym- 
metry, that comes from listening to har- 
mony of sound, the sense of satisfaction 
that comes from observing the harmony 
of mathematical relationships, in the ap- 
preciation of elegance in the work of col- 
leagues, in working out intricate problems 
successfully, and in the utilization of crea- 
tive ability in mathematical research. 
New mathematics is usually created be- 
cause of an overwhelming interest in the 
subject itself rather than in answer to some 
specific problem in science or engineering. 
It was only after the tensor calculus had 
been known for a quarter of a century that 
it was used in the development of the 
general theory of relativity. 

But we should be speaking here about 
the esthetic value of mathematics in 
general education. Besides the particular 
professional and vocational groups, mathe- 
matics has some esthetic value for every- 
one. From Mathematics in Aristotle, we 
read: “For the chiefest forms of the beau- 
tiful are orderly arrangement, symmetry, 
and definiteness and the mathematical 
sciences have these characters in the high- 
est degree. And since these characters, 
such as orderly arrangement and definite- 
ness, are the causes of many things, it is 
clear that mathematicians could claim 
that this sort of cause is in a sense like 
the beautiful acting as a cause.” Every 
student can find something of interest and 
something to appreciate among the num- 
ber of books now available which present 
some of the finer things of mathematics in 
quite readable form. The sense of satis- 
faction of a job well done, a problem com- 
pleted to perfection, or the gratification of 
intellectual curiosity is of course inde- 
pendent of its classification by college 
level. 

Our fifth general education value of 
mathematics is the insight it gives us into 
the knowledge and understanding of our 
cultural heritage. We may consider this 
fifth value under the title “Mathematics 
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as a Culture Clue” (c.f. the book of this 
title by Cassius Jackson Keyser), but 
more than that, mathematics is a primary 
driving force in the development of cul- 
ture. It is only recently that mathematics, 
science, philosophy, and religion have been 
separated. We go back to philosophical 
journals for the first printed papers on 
mathematics. Newton’s great work on 
mathematics and physics contains in its 
title the term “philosophy.”’ Pythagoras, 
in his lectures, taught mathematics to- 
gether with its application to music, 
astronomy, and philosophy. His numerol- 
ogy was the means by which he claimed 
to prove the existence of God from obser- 
vation by means of reason. The fault was 
not with the aim of Pythagoras, but with 
his meager knowledge of mathematics. 

As with religion, the beginning of math- 
ematics is God. Back of the creation is the 
design, and the design is mathematical. 
When the ancients discovered mathe- 
matics or science, they correctly at- 
tributed it to God; and their knowledge 
became a part of their philosophy. Mathe- 
matics was taught alongside the principles 
of morality. Today we will class as super- 
stitution much that was taught under the 
name of mathematics, but let us take care 
lest we throw out too much. Mathematies 
today supports the existence of God and 
morality on a much sounder foundation 
than the mystery societies of ancient 
Egypt or the numerology of Pythagoras. 
William T. Meyer in the report of the 
Fifth Annual Conference on Higher Edu- 
cation deplores the lack of attention paid 
to religion by higher education in Ameri- 
ca.2 Mathematics cannot take over the task 
of teaching religion, but it can, without 
fear of contradiction, deal with those 
phases of religion that come under its 
jurisdiction. It can demonstrate the ab- 
surdity of the assumption that the world 

2 William T. Meyer, “Religion in Higher 
Education,” Current Issues in Higher Education, 
1950 (Report of the 5th Annual National Con- 
ference on Higher Education [Washington, 


D.C.: N.E.A., Department of Higher Educa- 
tion, 1951]}). p. 113-18. 
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exists as we know it by chance alone. 
Even the idea of immortality is essentially 
a mathematical concept. Beginning with 
the primitive who first thought of the 
needs of tomorrow, the mathematical con- 
cepts of order helped to develop an agri- 
cultural economy and thinking that looked 
ahead to a future harvest and a still more 
future need. In extending this concept, 
man next thought of better preservation 
of his usefulness by an unbroken con- 
tinuity of sons and the sons of sons, and 
finally of preserving his immortal soul in 
the Infinite Kingdom of God. And where 
but in the field of mathematics are we 
adequately prepared to deal with the In- 
finite? 

We have gone through the objectives 
of general education, and we find that for 
every objective there is a value in mathe- 
matics that everyone needs. Our second 
axiom is that nearly everyone is capable of 
receiving these values. American democra- 
cy is attempting to bring the benefits of an 
education to a much larger and a more 
varied body of students than has ever been 
reached in the past. At the Fifth Annual 
National Conference on Higher Educa- 
tion the Commission findings were as fol- 
lows: “There are not too many students 
attending college today. On the contrary, 
the colleges of the nation are not produec- 
ing a sufficient number of well educated 
persons to meet the needs of a democratic 
society.’ “Findings of the the Commis- 
sion indicate that 49°% of American youth 
have intellectual abilities sufficient to en- 
able them to profit by at least two years 
of college training and that 32% have 
sufficient ability to warrant their attend- 
ance for four or more years.’’* But the 
question before us is not so much what per- 
centage of our youth can take mathematics 


* A. L. Vaughan, ‘‘Who Should Go To Col- 
lege?”’ Section B. (Report of the 5th Annual 
National Conference on Higher Education, p. 
37). See footnote 2. 

4 Charles E. Atkinson, ‘‘Who Should Go to 
College?” Section A. (Report of the 5th Annual 
National Conference on Higher Edueation, 
p. 32). See footnote 2. 
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as what percentage of those who can make 
a go of other courses in school can reason- 
ably profit by taking courses in mathe- 
matics also. In partial answer to this ques- 
tion, I wish to present what we have 
tried to do at Arkansas Polytechnic Col- 
lege and what results we have had. I wish 
to express my appreciation to a coopera- 
tive administration in the college for mak- 
ing this experiment possible and providing 
us with proper equipment for the job. 

One group of our students enters college 
with a high comparative proficiency in 
mathematics. In this group are engineer- 
ing students who must complete the cal- 
culus within two years as part of the 
nineteen semester hours requirement in 
mathematics. Others in the group are 
mathematics majors who plan either to 
teach in the high schools of our state or to 
enter a graduate school. Those capable of 
doing this work deserve the chance of 
learning in competition with their peers in 
courses that have not been watered down 
to suit the pace of the slower students. To 
these we offer the standard mathematics 
courses stepped up in content and value 
through more adequate placement of 
topics. 

A second group of our students can learn 
the same material that the first group 
covers if given more time in class. For 
these we offer a course in intermediate and 
college algebra with five hours in class for 
three hours credit. Our experience indi- 
‘ates that there is no absolute minimum 
proficiency prerequisite for this course. 
With determination and hard work, there 
will be some students who are able to 
make good on this course although they 
are not reasonably prepared for it. The 
general requirement is a minimum pro- 
ficiency equivalent to a year of high 
school algebra and one of plane geometry. 

Our third group of students enter col- 
lege with a very low proficiency in mathe- 
maties. They are not ready for any algebra 
course that could possibly fit a person for 
caleulus. It is in this third group that we 
find the greatest need of the general educa- 


tion values of mathematics, as well as the 
greatest test of our second axiom. For 
these we offer a new course in “Basic 
Mathematics.” Students in this course 
meet five hours per week but receive only 
three hours credit. Starting with inven- 
tory tests on basic arithmetic, drill exer- 
cises are assigned as needed and both tests 
and drills are completed without error be- 
fore the student advances. Each student 
progresses at his or her individual pace. 
Just like in an electrical circuit, their 
mathematical learning needs a certain 
continuity. If there is a break in their 
power line, no amount of patching up 
somewhere else will be effective ; it is neces- 
sary to go back to the break, repair that, 
and then proceed from there. Too often 
expert teaching of a new topic in mathe- 
matics is wasted because the student does 
not have the foundation upon which the 
new is to be built. If we can go back, find 
these breaks in training and repair them, 
we then have a student ready to go on to 
new topics. 

The results have been gratifying. By the 
end of the semester, students with an 
average proficiency® of 4.8 advanced to an 
average of 11.1. This gain of 6.3 points in 
one semester was more than their entire 
former training. Two-thirds of the stu- 
dents entering this course unprepared for 
intermediate and college algebra, moved 
up to that level with average proficiency 
increasing from 5.4 to 13.5 points. One 
third of the remaining group showed 
marked improvement in proficiency with 
increases of from 4 to 9 points to reach 
scores of 7, 8, and 9. This is especially 
gratifying when we consider that the 
standard expectation of these students in 
mathematics is an F or a low D. 

We realize that our experience is young 
and that the amount of coverage is small. 
At the same time we have seen the stu- 
dent who has been dormant mathe- 


5 Measured by the score on the Cooperative 
Mathematics Pre-test for College Students, 
Form X. Princeton, N. J.: Educational Testing 
Service. 
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matically now blossoming before our eyes. 
We believe that most students are ca- 
pable of acquiring needed information and 
skills in mathematics and that our results 
are representative of what can be done in 
general and not just the fortunate experi- 
ence of a few teachers with a few students. 

Of all the values of mathematics in gen- 
eral education, we are probably doing our 
best job in the field of personal adjust- 
ment. It has been said that the slowest 
part of the general education program is 
the development of its testing program. 
We are able to report objectively with fair 
accuracy what we are doing in developing 
skill and imparting information, but our 
measure of the good we are doing in the 
field of personal adjustment must remain 
largely subjective. Yet we speak with 
confidence since time after time we have 
seen students work through to a point 
where there has been some “block,”’ remain 
stalled for a while, then take off in creeper 
gear, and finally shift into high. The stu- 
dent whose chronic complaint has been, 
“T never could do fractions, or algebra,” 
can now be answered, ‘No? but you are 
doing it now.”’ His reply is, “Yes, and I 
like it.’’ Confidence comes with doing. The 
student learns to work independently and 
to rely upon himself. The student learns 
to complete one task, within allowable 
tolerances, before he goes on to the next. 
He learns that he can do a job even 
when it looks extremely difficult. It may 
take him a long time, but he finishes it 
not only with increased information and 
skill but also with a sense of completeness 
and satisfaction. Complexes vanish and 
dispositions mellow. 

Because students in our basic mathe- 
matics classes become quite interested in 
developing technical proficiency, most of 
our class time is spent on basic informa- 
tion and skill, and the students desire it to 
be that way. But we attempt to spend at 
least one hour each week in discussing the 
nontechnical aspects of mathematics and 
sometimes a group has become so inter- 
ested in some particular question that 


time has been profitably spent in dis- 
cussing it. Usually students prefer to work 
exercises and therefore we seek to give the 
logical, esthetic, and social values of 
mathematics primarily by independent 
outside readings to be evidenced by six- 
teen reports of about three hundred words 
each either written or oral. Quality ranges 
widely. Whatever is done is accomplished 
with the use of very little class time. By 
giving a wide range of choice, we attempt 
to create interest. Our own accomplish- 
ments on these values are small but the 
quality of some of these reports indicates 
that there is a distinct possibility of in- 
creasing the social values of mathematics 
in general education. 

There are many philosophical bases for 
our third axiom. Most teachers would be 
willing to give it lip service, but this is not 
enough. We can impart enough values to 
a sufficiently large group to justify the 
inclusion of mathematics in the general 
education curriculum. But while we can 
teach mathematics to the low proficiency 
group, we cannot make it easy for them 
to learn and certainly we cannot make it 
easy on ourselves as teachers. For this 
program we need our best teachers; those 
who have initial high scholastic attain- 
ment and who, having caught the spirit of 
general education, put the student above 
the subject matter. 

The student must truly be the central 
figure in his education program, with the 
teacher adapting methods and content to 
the student’s need and being, as Robert A. 
Johns expresses it, “cognizant of the in- 
fluence the subject will have upon the 
student.’”6 

Not only does the individual student 
need values, facts, and processes found 
within the bounds of mathematics, but 
society also requires that he have them. 
As Harold W. Stoke expresses it (Fifth 


6 Robert A. Johns. ““The Student as a Factor 
in his Own Education.’”’ (Report of the 5th 
Annual National Conference on Higher Educa- 
tion, p. 57). See footnote 2. 
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A Logical Symbolism for Proof in 
Elementary Geometry 


By WALLACE MANHEIMER 


Franklin K. Lane High School, Brooklyn, New York 


Tue who draws dashes through 
lines or angles in a geometric diagram to 
denote equality by hypothesis is taking 
advantage of an elementary logical sym- 
bolism. Ever since the days of Boole and 
Frege such symbolisms have become in- 
creasingly important in representing and 
furthering mathematical thought. Present 
day symbolic logic, which is an outgrowth 
of the methods of logical symbolism, has 
begun to revolutionize such diverse fields 
as the design of mathematical instru- 
ments, insurance analysis, brain physiol- 
ogy, and electrical network design. The 
study of symbolic logic at present occu- 
pies the full time research of at least two 
hundred creative mathematicians in our 
universities and industrial laboratories. 

There has been widespread popular in- 
terest in these modern developments. The 
remarkable powers of mathematical com- 
puting machines have struck the imagina- 
tions of many of our pupils. A good deal 
of the growing literature of “science fic- 
tion’’ has been devoted to related subjects. 
Popular magazines, such as the Scientific 
American have featured articles on sym- 
bolic logic and its applications. 

In order to reveal to the high school 
student some of the potentialities of logical 
symbolism, a simple application of it was 
attempted in a geometry class. Since it 
proved to have many values in the instruc- 
tion of geometrical proofs, a brief sum- 
mary of its methods will be given here. 
The symbols were a set of labels, each of 
which represented both a statement and 
reason. For example, the familiar dashes 
were retained for equality by hypothesis, 
and any other symbols that were found 
to be in current use were also incorporated 
into the system. The completed proof con- 
sisted only of a labeled diagram, in addi- 
tion to the listing of hypothesis and con- 


clusion. In order to keep in contact with 
other classes, oral presentations of the 
proofs were made in the traditional man- 
ner. 

A number of interesting and rather un- 
expected advantages of the new method 
soon came to light. However, the reader 
first should study some of the actual sym- 
bols that were used, together with several 
proofs that will feature them. They are 
listed on the following pages. 

There were other symbols and, like 
those above, they were made as nearly 
self explanatory as possible. 

A few proofs of increasing complexity 
will now be given. To save space the usual 
solutions will not be included, but the 
reader can, of course, make his own com- 
parisons with the traditional form. 


Problem 1. 


Hypothesis: BD bisects ZABC 
BD is perpendicular 


to AC 
Conclusion: AD = DC 
A 
B D 
Proof; 
A 
up 
lasa 
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Translation 
Hypothesis 
AB= AB 
Identity 
Perpendiculars 
form right angles; 
2=2 all right angles 
are equal. 
/A= /B All right angles 
are equal. 
/b == /b’ Base angles of an 
isosceles triangle 
are equal. 
N=lV Vertical angles 
are equal. 
Supplements of 
equal angles are 
equal. 
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Symbol 


AB = BC 
A= 
AB — 
AB= AY 
Al= Ar 
Isas Veas 
B 
AB 
A 
A’ 
B 
BR’ AB A’B’ 
A 
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Translation 


Bisection 


Halves of 
equals are 
equal. 


If equals are 
added to equals 
the results are 
equal. 


Side, angle, 
side, etc. 


Corresponding 
parts of con- 
gruent triangles 
are equal. 


Hypothesis 
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Symbol 


B 

Zz B 


A’ 


Problem 2. 
Hypothesis: AD = CE 
Zx — a y 


BA || EF 


Conclusion: BC = DF 


Proof: 


AB || A’B’ 


IN 


Translation 


Two lines are 

Parallel if a pair of alter- 
nate interior 

angles are equal. 


Two lines are paral- 
lel if a pair of 
corresponding angles 
are equal. 


If two lines are 
parallel alternate 
interior angles 
are equal. 


If two lines are 
parallel, cor- 
responding angles 
are equal. 
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Conclusion: EG || FH 


Problem 3. 
Hypothesis: AB |} CD 
ly 
Proof: 
> B 
Cc 


It will be observed that the sequence of 
steps must be supplied by the reader. This 
was found to have advantages as well as 
disadvantages in classroom work. In more 
difficult proofs, especially those involving 
more than one pair of triangles, the basic 
order of steps was revealed by using se- 
quential diagrams. The symbol for “hy- 
pothesis” was used for parts obtained 
from a preceding diagram and was then 
read, “see previous reason.” 

Problem 4. Corresponding medians of 

congruent triangles are equal 


Hypothesis: AABC ~AA'B'C’ 
CD and C’D’ are medians. 
Conclusion: CD =C’'D’ 


(See figure at top of next page) 


The last example is one frequently 
asked as an “honor” problem early in the 
first term of geometry. The symbolic no- 
tation made it much easier for even pupils 
of moderate ability to follow. 


Problem 5 


Hypothesis: AB =AC 
DB=EC 
Conclusion: BG =GC 


(See figure at bottom of next page) 


The symbols, as described above, car- 
ried the class well into the second third of 
the term. At this time they were dropped, 
partly with a view toward preparation for 
a uniform final examination. The class 
had, by this time, become very fond of the 
symbolic method and there was universal 
regret at the return to the traditional 
written form. 

Even after discounting the pupils’ nat- 
ural interest in a novelty—that imponder- 
able that is so often responsible for the 
“success” of educational experiments— 
the symbolic method appeared to have 
definite pedagogic advantages. It enabled 
the class to study a much larger number of 
problems at the blackboard and in home- 
work. This was especially valuable near 
the start of the term, when exposure to a 
great variety of problems reinforced the 
class’s understanding of the nature of 
proof and its application to geometrical 
data. Pupils also pointed out that they 
could solve problems more easily by 
“thinking on the diagram,” as one of them 
described it. The symbolism did appear to 
simplify some of the complex psychologi- 
eal operations involved in formulating a 
proof. It enabled pupils to record their 
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Cc’ 


Proof: 


A D B A’ B’ 
A B A B 
> 
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reasoning as they proceeded, it concen- 
trated their reasoning on a single diagram, 
and it did away with the phobia toward 
the written word that possesses some of 
our weaker students. 

Beyond this, however, there 
greater values. The opportunity was open 
to show the uses of mathematics in a new 
and thoroughly modern way. Many pupils 
read John E. Pfeiffer’s interesting article 
on symbolic logic in the Sctentifie Ameri- 
can, as Well as others on computers, “me- 
chanical brains,”’ chess playing machines, 
and the application of logical symbolism 
to a variety of fields. One interested pupil 
read the introduction to Whitehead and 
Russell’s Principia Mathematica, in which 
there is set forth the symbolic logic that is 
used in this great work. Thus the experi- 
ment succeeded in arousing deep and per- 
haps lasting interest in mathematics. 


were 
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Workshops and Institutes 


The Committee on Family Financial Secur- 
ity Education has announced that three hundred 
and thirty scholarships will be available for the 
summer of 1953 for high school teachers and 
educators who are interested in developing bet- 
ter ways of teaching family financial security in 
American classrooms. The universities where the 
workshops will be held comprise Connecticut, 
Denver, Miami, Oregon, Pennsylvania, South- 
ern Methodist, Virginia and Wisconsin. Infor- 
mation about the workshops and scholarships 
may be obtained from R. Wilfred Kelsey, secre- 
tary of the Committee on Family Financial Se- 
curity Education, 488 Madison Avenue, New 
York 22, New York. 


The Department of Mathematics at Teach- 
ers College, Columbia University announces the 
following courses for the session for July 6 to 
August 14: Professor Fehr, teaching arithmetic 
in the elementary school; Professors Fehr and 
Rosskopf, research and departmental seminar in 
teaching mathematics; Professors Fehr and 
Yates, professionalized subject matter in ad- 
vanced secondary school mathematics, part I; 
Professor Rosskopf, foundations of mathematics 
for teachers; Professors Rosskopf and Shuster, 
teaching geometry in secondary schools; Profes- 
sors Rosskopf and Yates, teaching of elementary 
college mathematics; Miss Schult, supervision 
and teaching of mathematics in the junior high 


school; Professor Shuster, field work in mathe- 
maties; business arithmetic and mathematies. 

A special workshop in the theory, construc- 
tion and use of models and materials in mathe- 
matical education will be held July 20 to 31 un- 
der the direction of Professors Fehr, Yates and 
special lecturers. 


The University of Arkansas, with the co- 
operation of the Arkansas Council of Teachers 
of Mathematics, will conduct a Workshop in 
Mathematics, July 13-15, 1953. Consultants will 
be Miss Martha Hildebrandt, Proviso Town- 
ship High School, Maywood, Illinois, past presi- 
dent of the National Council of Teachers of 
Mathematics; Professor Maurice L. Hartung, 
Department of Education, The University of 
Chieago; Miss Christine Poindexter, Senior 
High School, Little Rock, Arkansas; Mrs. Vir- 
ginia Sue Wilson, Supervisor of Elementary Ed- 
ucation, College of Education, University of 
Arkansas. There will be general meetings and 
discussion groups for secondary teachers and for 
elementary teachers. 

The University of Arkansas, at Fayetteville, 
is in the Ozark Playground area, at an altitude 
of 1450 feet above sea level. There are many ac- 
commodations for tourists throughout the area. 
Participants in the Workshop may obtain ac- 
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The Englishman's Mathematics as Seen in 
General Periodicals in the Eighteenth 
Century* 


By Norman A. GOLDSMITH 
Henderson State Teachers College, Arkadelphia, Arkansas 


I 


To THE historian of mathematics, the 
eighteenth century extends from Newton 
through Euler to Gauss. Newton’s Prin- 
cipia appeared in 1687. Only four years 
later England had its first periodical of 
general interest and long life, The Athenian 
Mercury. Thus, in their early years, the 
new mathematics and the new magazines 
grew together in a restless atmosphere as 
science, commerce, and political reform 
exhibited a vitality never known before. 

The history of mathematics in the 
schools and laboratories of that century 
has been well told and need not be re- 
peated. Rather, the concern of this paper 
is with the mathematics of the edu- 
cated eighteenth century Englishman, not 
trained in mathematics, who had enough 
learning and leisure to read the newly de- 
veloping periodicals. 

The source of materials is the periodi- 
cals themselves, embracing a period from 
1703 to 1816. Reference is made to them 
with four purposes: first, to describe the 
mathematics of the non-scientific maga- 
zines; second, to report some facts relative 
to the mathematical learning of the 
eighteenth century Englishman; third, to 
point out that mathematical subjects 
had a large body of readers; and, fourth, 
to show that the effort to keep mathe- 
matics before the public had strong sup- 
port from the magazines. 


II 


Relative to the first of these purposes, 
consider the title of a monthly founded in 


* Presented at the Thirteenth Christmas 
Meeting of the NCTM, December 30, 1952, at 
Lincoln, Nebraska. 


July, 1747: “The Universal Magazine of 
Knowledge and Pleasure, Containing News, 
Letters, Debates, Poetry, Musick, Biogra- 
phy, Voyages, Criticism, Translation, Phi- 
losophy, Mathematicks, Husbandry, Gar- 
dening, Cookery, Chemistry, Mechanicks, 
Trade, Navigation, Architecture, and other 
Arts and Sciences Which may render it 
Instructive and Entertaining to Gentry, 
Merchants, Farmers, and Tradesmen. To 
Which will occasionally be added An Im- 
partial Account of Books in several 
Languages and of the State of Learning in 
Europe; Also of the stage, new Opera’s, 
Plays, and Oratorio’s.”’ 

In this catalog of departments, “‘Mathe- 
maticks’’ has eleventh position. However, 
to many eighteenth century readers, as 
well as to their twentieth century counter- 
parts, ‘“‘Mathematics’”’ meant number 
puzzles. One such puzzle was submitted 
to the New Monthly Magazine in these 
words: “To find out four numbers that 
may be equal to a number taken, and such, 
that the difference between any two of 
them, may be a square number.’ The 
proposer repeated almost verbatim the 
language in which the same problem had 
been submitted to the Universal sixty-six 
years before.? 

One more problem is worth quoting for 
the flavor of the language: “How much 
does a man’s Head walk more than his 
Feet, supposing him to travel a thousand 
miles?’’s 

Not all problems had the puzzle flavor. 

1 New Monthly Magazine (1814), II (June 
1814), 398. (The number in parentheses after the 
name of the journal is the date of founding, ac- 
cording to Graham. See footnote 37.) 

2 Universal Magazine of Knowledge and 


Pleasure (1747), If (April 1748), 175-77. 
3 Athenian Oracle (1701), III (1704), 470. 
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In fact, problems dealing with maxima 
and minima were very popular. One which 
asked the dimensions of the (right circular) 
cylinder of diagonal forty inches and maxi- 
mum volume was, fittingly enough, solved 
by a cooper.‘ 

Problems in gravitational forces were 
equally popular, like this one: “Suppose 
the diameter of the earth to be 8000 miles 
and a hole perforated thro’ it. In what 
time will a ball projected from the center 
arrive at the superficies, and with what 
velocity must it be projected?’’® A solution 
to this problem was submitted by a 
schoolmaster, and, four months later, a 
complaint from the proposer that it was 
“absurd” accompanied the correct solu- 
tion. 

Geometric series fascinated the readers. 
One of the earliest references is this: 
“Suppose a Bullet should fall down 
eternally and nothing should ever inter- 
pose; and the manner of its falling should 
be thus; the first Minute it should fall 
20 Miles, the second Minute 19 Miles, the 
third Minute 18° (sic) Miles, and so on- 
ward forever in the same Geometrical 
Progression; I demand how far it will fall 
in a Whole Eternity.”’ The editor answered, 
* 400 miles, which is the Solution of 
the Question, however strange and sur- 
prising it may seem to some Persons, who 
are not acquainted with Mathematical 
Demonstrations.’’® 

Number theory also attracted intelli- 
gent questions and answers. The Athenian 
Oracle for 1704 was asked what are perfect 
numbers and replied with the equivalent 
of Elucid’s formula.? This was sixty-six 
years before Euler proved that all even 
perfect numbers are obtained from this 
formula. 

If these questions have a familiar sound 
to mathematics teachers today, so do 
many others. Here are some from the 
Athenian Oracle of 1703: 

* Universal Magazine of Knowledge and 
Pleasure, (April 1753), 167-70. 

5 [bid., X (January 1752), 29. 


® Athenian Oracle, III (1704), 474. 
7 [hid., p. 248-49. 


“Whether One be any Number?’’® 
“Whether Quadrature of the Circle be 
Possible?”’® Why are all number systems 
based on 10?!° “Is infinite number a 
contradiction?” “Are infinite numbers 
equal?’ 

Of the famous eighteenth century 
mathematicians, Thomas Simpson was 
the most regular contributor to the popu- 
lar journals. He and four other prominent 
mathematicians were asked by the Uni- 
versal to comment on the relative strength 
of elliptic and semi-circular arches for the 
new “Black-Fryars”’ bridge. Only Simpson 
took much care with the answer, and, in 
his letter of transmissal, he said, ‘When 
opportunity shall permit, I purpose to 
lay the whole of my thoughts and demon- 
strations on this subject before the Royal 
Society.’ 

Simpson made frequent use of general 
magazines to bring mathematics before 
the public. From 1754 to 1760 he served 
as editor of The Ladies’ Diary (founded in 
1704), a connection terminated by his 
death. Twelve or fifteen problems, some 
of them very difficult and near the existing 
frontier of mathematics, appeared in each 
issue. 

In November, 1736, Simpson contrib- 
uted to the Gentleman’s Magazine a 
hitherto unpublished solution of one of 
Leibnitz’s problems on infinite series. So 
great was his prestige that he was per- 
mitted to defend his paper against an at- 
tack signed “Mr. Facio.” Simpson in turn 
proposed another problem and in doing so 
extended a series of mathematical articles 
that continued in this monthly through 
twenty-six consecutive issues. 

In the course of this time," he presented 
a question on finding the ratio of the equa- 


8 [hid., I (1703), 355. 

9 [bid., p. 345. 

10 Thid. 

Tbid., II (1703), 86. 

'2 [hid. 

‘3 Universal Magazine of Knowledge and 
Pleasure, XXVI (May 1760), 251-54. 

4 Gentleman’s Magazine (1731), VIII (Au- 
gust 1738). 
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torial and polar diameters of the earth, 
admitting that part of his solution was 
from the Memoirs of the Royal Academy 
at Paris. He explained that he presented 
it through the Gentleman’s for the sake of 
wider circulation. 

Though their papers were occasionally 
reprinted from the scientific Journals, and 
though their names were mentioned” as if 
they should be familiar, most of the other 
great mathematicians failed to share 
Simpson’s attitude toward use of the 
popular magazines. As a result, papers 
having to do with pure mathematics are 
rare. In its fifty-three years, the Universal 
printed only ten. One of these was Simp- 
son’s preliminary note on the “Black- 
Fryars” bridge. Another described the 
construction and use of mathematical 
instruments.'® 

Among the others, “The Calculations 
of all the Theorems for solving all ques- 
tions in Arithmetical Progressions’’!? lists 
thirty-three formulas based on S=43n 
(a+l). A college freshman could do as 
well. 

“The Calculation of the Credibility of 
Human Testimonies’’'* uses the theory of 
probabilities with some arbitrary assump- 
tions to “prove” that one shouldn’t be- 
lieve much of what he hears. 

“Ninety Theorems on Properties of the 
Circle’? states without proof theorems 
now taught in high school classes. 

“An Investigation of the Logarithmic 
Series from the Principles of Fluxions’’?° 
states and proves the theorem ‘The 
fluxion of the hyperbolic logarithm of any 
number is equal to the fluxion of that 
number (whose logarithm it is) divided by 
the number itself.”’ Except for its quaint 
terminology, it is accurate, concise, and 
above the usual level. 

The Monthly Magazine carried a brief 


1% Universal Magazine of Knowledge and 
Pleasure, XIII (December 1753), 274-75. 

16 Thid., X (May 1752), 228. 

17 [hid., IV (February 1749), 78-79. 

18 Thid., (March 1749), 107. 

19 [bid., X (June 1752), 271-73. 

20 [hid., XVII (October 1755), 172. 


paper tracing the history of our digits 
back to the Greeks of Alexandria*' and a 
problem on infinite series.” 

Meanwhile, Simpson’s quondam  ad- 
versary, Facio, had prepared a paper 
titled “The Quantity of Refraction of 
Light in the Moon’s Atmosphere deter- 
mined” in which he declares that calcula- 
tions of longitude may be as much as four 
degrees in error due to this refraction.” 


From what has been said it is possible to 
infer something of the mixed and uneven 
quality of the mathematical papers pre- 
sented in the popular eighteenth century 
magazines. In this formative period for 
their journals, many editors were willing 
to accept almost anything that came to 
hard early enough. Sometimes this policy 
led to heated disputes between corre- 
spondents. 

One such dispute centered around 
Thomas Taylor, a respected scholar. 
Taylor edited a book entitled Elements of 
the True Arithmetic of Infinities, announc- 
ing in the preface that he had ‘“demon- 
strated all the propositions of Dr. Wallis’s 
Arithmetic of Infinities and also all the 
principles of the Doctrine of Fluxions, to 
be false.’”’ He referred to Newton as a man 
of “a rambling and precipitate genius, but 
a perpetual blunderer.’’4 

Taylor’s book touched off a long dispute 
with a good mathematician, W. Saint. 
Saint expressed his “most profound re- 
spect for (Taylor’s) abilities but with the 
deepest regret that these abilities should 
have been used to the detriment of the 
mathematical sciences.’ Taylor, wishing 
Saint “the possession of a sound mind as 
soon as possible,’’’® resumed his study. 

2 Monthly Magazine (1796), XXXII (Janu- 
ary 1812), 507. 

22 New Monthly Magazine, VI (August 1816), 
™ 23 Gentleman’s Magazine, VIII (March 1738), 

a Monthly Magazine, XXXI (May 1811), 
314-19. 
Thid., XXXII (September 1811), 120-25. 
26 Thid., (October 1811), 215. 
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Three years later?’ he had “discovered” 
the following reduction of the fraction 


1/(2+1-—1): 


2+1-1)1 
1+1/2-—1/2 
—1/2+1/2 
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number “‘0,”’ which is unattainable, abso- 
lute nothing. 


1/2-1/44+3/8—5/16+411/32—21/64 - - 


The quotient he grouped in the manner of 
(1/2—1/4)+(3/8—5/16)+ (11/32 —21/64) 
- =1/44+1/16+1/64 - - - and ob- 
tained the sum 1/3, not the expected 1/2. 
His error was pointed out?’ by a capable 
mathematician using the pseudonymn 
“Philomath.”’ Taylor, still unconvinced, 
replied in the next issue, ‘Though I have 
no doubt his reply to me is exactly such as 
would have been made by the greatest of 
modern mathematicians, it is certainly by 
no means 

In support of his position, Taylor 
quoted a misunderstood passage from the 
blind mathematician Saunderson and the 
Philosophical Principles of Religion by the 
Reverend Doctor Cheyne. Thereupon 
Philomath declared, ‘I shall decline 
entering the lists with Mr. T., for what 
mathematician would engage in argument 
with a person who maintains that 1—1, 
1/2—1/2, ete., are infinitely small quan- 
tities; and that nothing divided by a num- 
ber will produce a quotient of some value 
(sic 

By now the dispute had settled around 
whether (0X0)/0 is or is not 1. An on- 
looker, Philotailor, following the custom 
of the time in reading “nothing” for “0,” 
entered the dispute*® with the argument 
that there are two nothings, absolute and 
relative, and that, since (1—1) isa relative 
nothing, it may not perform like the 


27 New Monthly Magazine, If (October 1814), 
230. 

28 Thid., IIT (March 1815), 108. 

29 Thid., (April 1815). 

30 Thid., (May 1815). 

3} Thid., (June 1815), 419. 


ete. 


When the argument closed,” it had 
dragged on through ten consecutive issues. 
Less than a year later, the same magazine 
announced publication of Taylor’s Theo- 
retic Arithmetic. No defenders of mathe- 
matics rose to challenge it. The magazine 
continued to print Taylor’s articles on 
half a dozen subjects, culminating in 
Evidence of the Truth of Alchymy.“ This was 
as scholarly as the title suggests, and on a 
par with his mathematics. 

The Taylor-Philomath dispute is signifi- 
cant for presenting several characteristic 
qualities of the mathematical writing of 
the time. First is the fact that one could 
establish a reputation as a scholar on the 
basis of prolixity rather than quality of 
work. Second, the best mathematicians 
were reluctant to sign their names to con- 
tributions to non-scientific journals. Third, 
ecclesiastical authority was likely to be 
accepted as final unless opposed by other 
similar authority. Fourth, the distinction 
between ‘‘zero”’ and “nothing” was far 
from clear. Fifth, the appreciation of rigor 
and of consistency in mathematical sys- 
tems had not spread far from the univer- 
sities, so that paradoxes were sometimes 
accepted as truth instead of challenges to 
find the truth. 


IV 
Now turn to the popularity of mathe- 


matics in the general magazines. For 
twenty-five years the Universal kept its 
Tbhid., IV (December 1815), 396. 


% Thid., VI (September 1816), 140. 
* Thid., VII (April 1817), 210. 
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problem department open, and for six- 
teen years more acknowledged letters to 
the department without printing them. 
The greatest number of solutions acknowl- 
edged in one issue is sixty-one, in April, 
1755. These came from nineteen corre- 
spondents. Twenty correspondents were 
recognized in April, 1753, though the 
editors suggested that not all the contri- 
butions were original. 

In all, 133 contributors solved problems 
sent in by 112 proposers. Discounting for 
some known duplications and fanciful 
pseudonymns, it seems there were about 
160 regular contributors to the depart- 
ment. This was one for each eleven copies 
of average total circulation.*? 

The contributors lived in every corner 
of England, in India, and in America. 
The editors were grateful for such an im- 
portant body of readers, and made fre- 
quent references to forthcoming articles of 
mathematical interest when the duel with 
France for world empire crowded out 
most topics except war, politics, and re- 
ligion. Of the forty-two correspondents 
who signed their occupations, thirty-seven 
were teachers or students. The other five 
included a surveyor, a member of the 
Mathematical Society at Windsor, a 
cooper, a very Worthy Mathematical 
Clergyman, and a coachman. 

It is likely that most schoolmasters and 
pupils signed their true names, for the 
masters saw here an opportunity to get 
free advertising. From the time C. Eodd 
identified himself as a tyro at Harpswell 
School in May, 1749, eight others signed 
from the same school, including the 
master. Various other masters quickly 
dropped their classical aliases and identi- 
fied themselves, their pupils, and their 
schools. 

The rise and fall of mathematics as a 


3 Universal Magazine of Knowledge and 
Pleasure, XVI (April 1755), 169-72. 

36 Tbid., XIL (April 1753), 167-70. 

37 Walter Graham, English Literary Pert- 
odicals. (New York: Thomas Nelson and Sons, 
1930), p. 189. 


topic in the Universal may be traced 
through the editors’ notes to correspond- 
ents. In May, 1753, it printed six questions 
and the note, “We have received several 
other curious mathematical questions, for 
which we are greatly obliged to our cor- 
respondents; but have not room to insert 
them in this number.’’** In November, 
1755, there were thirteen problems, the 
most in any single issue. In December, 
1722, the last solution to be printed ac- 
companied a problem on the centroid of a 
cone. 

In September, 1773, the reason for the 
declining use of mathematics was made 
plain: “The answer of A(rithalgefluxion- 
ensis) to a mathematical question will 
appear in our next: And we take this 
opportunity to assure him that it was 
never our intention to accuse him of 
plagiarism: We only hinted that questions 
purloined from other performances had 
been imposed upon us as new composi- 
tions: We would further add, that we 
shall be glad of any mathematical ques- 
tious or disquisitions, when they tend to 
elucidate the practical parts of these 
sciences; but such questions as are cal- 
culated merely as a trial of skill between 
the professors of those arts we wish to 
avoid: We are desirous of blending utility 
with entertainment.’’*® 

In this reply the editors closed their 
magazine to original work, leaving it open 
only for what they should consider “‘prac- 
tical disquisitions.’”” The promised answer 
was never used, but it was a long time 
before mathematical correspondence was 
completely banned. This was done in 
April, 1788, with the blunt remark, ‘Our 
correspondent from Oxford is informed 
that Mathematical Questions are in- 
admissible.’’4° 

The magazine was now forty-one years 
old. Twelve years later it suspended pub- 
lication. 


38 Universal Magazine of Knowledge and 
Pleasure, XII (May 1753), 219-21. 

39 Jbid., LIII (October 1773), 214. 

49 Tbid., LX XXII (April 1788), 223 
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V 
We turn next to the cordial feeling of the 
publishers toward mathematics. The high 
point of this feeling is Simpson’s seven 
years as editor of the Ladies’ Diary, which 
frequently served as a source of materials 
for correspondents to other magazines. 

Most of the popular magazines of the 
century carried reviews and announce- 
ments of new books. Sometimes the re- 
views were quite long, as when the 
Monthly Review devoted eleven pages to 
Clarke’s translation of Lorgna’s Summa- 
tion of Infinite Converging Serves with 
Algebraic Divisors and the reviewer's 
extension, “Observations on Converging 
Series.’”#! 

Typical of reviews of foreign books not 
translated into English is Ershaw’s Maga- 
zine’s mention of Manuel de Trigonometrie 
Pratique par M. V’abbe De La Grive and 
Traite de Calcul Integral pour Servir de 
Suite a l Analyse des Infinitement Petites 
par M. Bougainville le jeune.* 

Magazines devoted strictly to reviews 
were usually careful not to approve poor 
performances. That others were not al- 
ways so careful is evidenced by this quota- 
tion from a review of Frances Masere’s 
Appendix to Mr. Frend’s Principles of 
Algebra: “Both these gentlemen agree in 
exploding from their system all negative 
quantities and contend not merely for the 
inutility of them, but for their absurdity. 
The (book) displays much acute reasoning 
and mathematical learning.’’ 

Unfavorable reviews were often brutally 
frank, as in the case of William Scott’s 
The Elements of Geometry. The critic says, 
“The Editor of this performance appears 
to be a teacher of youth; but it would be 
an injustice to commend his compilation. 
It is seldom that teachers are even slightly 
qualified to explain what they pretend to 
know; yet they are ambitions to publish 


| Monthly Review (1749), LXIV (May 1781), 
329-39. 

Ershaw's Magazine (1741), 
cember 1754), 652. 

8 Monthly Magazine, VI (December 1788, 
Supplement), 507. 
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elementary works. ... Mr. Scott adds to 
the number of ignorant teachers, and his 
publications swell the list of useless 
productions,’ 

Not even the best mathematicians were 
free from unfavorable notices. There is 
this from the Analytical Review about 
Some Properties of the Sum of the Divisors 
of Numbers by Edmund Waring, M.D., 
F.R.S.: “Dr. Waring is generally con- 
sidered as one of the most profound 
analysts of our age, but this, as well as 
most of his other papers, which have ap- 
peared in the transactions are (sic) so 
abstruse and unimportant, that it is not 
easy to decypher them, or to say what 
purpose they are intended to answer. In 
the present paper, there is scarcely a 
single line which is not involved in alge- 
braical symbols, except the title, so that 
any abstract or analysis of it would be 
wholly unintelligible. Till Dr. W., there- 
fore, chuses to make himself more per- 
spicuous and useful, we must content 
ourselves with barely enumerating § his 
communications, without attempting to 
elucidate them. But, perhaps, the doctor, 
like some mathematicians of old, may 
wish to place his sublime science out of 
reach of the vulgar; and if so, he has taken 
the most effective means to accomplish 
the purpose.’ 

This review gives evidence of an effort 
on the part of the editors to keep their 
readers abreast of the newest develop- 
ments in mathematics. At the same time, 
it indicates that already the most scholarly 
non-mathematicians were beginning to 
recognize the hopelessness of the effort. 
The subject was rapidly growing ‘‘out of 
reach of the vulgar’ whether or not the 
mathematicians wished it to. 

Most magazines were friendly to mathe- 
matics, and showed the friendship in 
many ways. The Gentleman’s in Novem- 
ber, 1738, announced payment of a prize 


European Magazine (1782), III (February 
1753), 54. 

% Analytical Review (1788), III (February 
1789), 31. 
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of two guineas for the solution to a prob- 
lem. The Universal, soon after its found- 
ing,” printed “a dissertation on the general 
usefulness of mathematical learning.”’ 
The Monthly printed an anonymous 
letter naming the most eminent mathema- 
ticians of Scotland, their schools, the 
courses of study, and recent publications. 
The New Monthly maintained a regular 
department for proceedings of the socie- 
ties. It also contains a brief note on the 
neglected state of mathematical learning in 
in Great Britain*® and a letter on the in- 
terest of mathematical questions.*® 

The friendship of the Gentleman's and 
the Monthly to mathematics is especially 
significant, since they enjoyed the largest 
circulation of the time, between four and 
five thousand each.®® 

Frequent references testify that those 
who would popularize mathematics in the 
eighteenth century had strong friends 
among the publishers of the first periodi- 
cals. Sometimes these friends were mis- 
taken; sometimes their friendship was 
abused; sometimes they made themselves 
proper instruments for the diffusion of 
mathematics. However, like most of the 

6 Universal Magazine of Knowledge and 
Pleasure, 11 (January and February 1748), 22- 
25; 78-80. 

47 Monthly Magazine, VII (July 1799), 437. 

48 New Monthly Magazine, V (March 1816), 
142 


49 Tbid., (July 1816), 513. 
5° Graham, op. cit., p. 189. 


educated men of the time, the editors did 
not know enough mathematics to evaluate 
the papers submitted to them. Nor could 
they afford a properly qualified board of 
referees. They were forced to rely upon 
the integrity and reputation of their cor- 
respondents. They held high regard for 
anyone who called himself a mathemati- 
cian, so long as he continued to merit that 
regard. It was an enviable position that 
mathematicians still protect. 


VI 

In summary, there is little in the popu- 
lar magazines to warrant any conclusion 
that the educated Englishman of the 
eighteenth century was much closer to the 
frontier of mathematics than the present 
day educated American is to the same 
frontier. If the frontier has been moved 
further away, that only makes the modern 
layman seem not so far along the road. 

Editors of eighteenth century periodi- 
cals were readier to use mathematics for 
entertainment than editors today. It is not 
clear whether this was because of a paucity 
of materials or because they thought it 
would be read and understood. Perhaps 
both reasons entered into the decision to 
keep their pages open to mathematics. 

Mathematicians of that time enjoyed 
the active friendship of the great popular 
magazines in a Way their successors can 
only envy. 


General Education Values 
of Mathematics 
(Continued from page 245) 

Annual National Conference on Higher 
Education, p. 11 ff.): “The greater the 
number of educated people within a na- 
tion, the greater the national welfare... . 
As a consequence should not education 
consciously become a far more potent and 
more important instrument for the crea- 
tion of national welfare and national 
strength than it has ever done before? 

“Under this interpretation, taxes paid 


for the support of schools become not ex- 
penses but investment.”? This certainly 
justifies increased appropriation for edu- 
cation, and it justifies extending our pro- 
gram of teaching mathematics. The worth 
of human personality and the value of 
mathematically trained citizens justifies 
tremendous trouble and the necessary ex- 
pense. 


7 Harold W. Stoke, “Education as National 
Policy,” (Report of the 5th Annual National 
Conference on Higher Education, p. 12-13). 
See footnote 2. 
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Math Around Us 


By Tue MatueMatics DEPARTMENT 
Deering High School, Portland, Maine 


Dave and Bill, facing audience, are doing their trigonometry homework at a library 
table at the left of center. Bill uses a ruler and compasses occasionally; Dave, a slide rule. 
They discuss their work with each other once or twice with apparent enjoyment and satis- 
faction. 

The Moderator (a student with mature voice) is at the microphone on the left. There 
should be two boys with contrasting voices and a girl at the microphone on the right. The 
tableaux form back of a scrim. The lines should be given slowly, with strong accents, so that 


the audience goes along with the rhythm. 


Moperator: Who are these boys? And what do they study? 

Ist Boy: The blonde one’s Bill. That’s Dave, his buddy. 
They’re doing trigonometry. They're both math whizzes. 
They always get A’s in their tests and quizzes. 


Moperator: And now tell me something about your math, 
I didn’t go far enough along that path. 
My check-book won’t balance and let me relax, 
And I have an awful time with my in-come tax. 


GIRL: I take geometry. We use straight lines, 
Circles and squares and regular designs. 
There’s geometry in nature, there’s geometry in art, 
And even in photography it plays a big part. 


2np Boy: I like algebra. We solve equations. 
We work out problems for various occasions. 
I try to find x in the manner I should. 
When it checks, oh, brother!—do I feel good! 


Ist Boy: I think geometry is much more fun. ; 
You prove a proposition and then you’re done. 
They’re all so logical, no two of them the same— 
You just have to follow the rules of the game. 


Moperator: I've heard that mathematics is very, very old. 
The ancient Greeks contributed a lot, I’m told. 
GIRL: The Hindus and the Arabs advanced it quite a ways, 
But it started ’way back in Egyptian days. N, 


Tableau 1 (center) Nee. 
Three Egyptians in colorful costumes stake out the vertices of a ™~ 
3-4-5 right triangle of rope tied with knots. In background is a % “a, 
painting, sketch, or model of the Great Pyramid. “A 
2np Boy: They had a lot of trouble with the old river Nile. i AI a 


It overflowed its banks every once-in-a-while. 
They had to have surveyors reapportion the land, 
Rope-stretchers were the men who gave a helping hand. 


260 


Ist Boy: 


MopDERATOR: 


GIRL: 


MopERATOR: 


Boy: 


MobDERATOR: 


Ist Boy: 
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The triangle they’re using is a 3-4-5. 

It has a right angle, as sure as I’m alive. 

The square of the hypotenuse alone pro-vides 
For the sum of the squares of the other two sides. 


The Egyptians knew that? 

Oh, yes, they did. 
And they also constructed the Great Pyr-a-mid. 
They really had a lot of engineering skill, 
These an-cient counterparts of our Dave and Bill. 


Tableau fades 


Now let’s come back to the present. You know 
Mathematical machines have stolen the show. 

I doubt if human beings, in the work that remains, 
Can hope to compete with mechanical brains. 


The computers, it’s true, ean reckon with ease 

The value of 7 out as far as you please. 

Two thousand places in the flicker of an eye— 

That sounds to me like an awful lot of pie! 

Electronic computers are a boon to mankind, 

But they'll never be the master of the hu-man mind. 
In their every operation they obey man’s will, 

So we'll always need boys like our own Dave and Bill. 


Tableau 2 (center) 


There is a surveyor using a transit. An engineer is working on a blueprint. A Naval 
Officer is using a sextant. In the background 1s a painting or sketch of a bridge, a plane, or 
a streamlined train. 


GIRL: 


Ist Boy: 


In peace we need the architect, the civil engineer. 
In war we need the navigator and the bombardier. 
Think of all the modern uses of the primitive wheel. 
There’s math in the gears of your automobile. 


Mighty steel bridges and super-highways, 
Vigilant radar protecting the skyways. 

All sorts of instruments of delicate precision. 
There’s math in your radio and your television. 


Spotlight gradually increases, directed on “Mathematics” portrayed as a mathematically 
spangled imposing figure, in rear stage center. Her gown is decorated with geometric 
figures cut from gilt and silver paper, ete. 


UNISON: 


(Slower tempo for emphasis) 

Mathematics is “‘the queen and the servant of science,” 
Friend of the common man as well as mental giants. 

Her importance increases and she’s won a lasting place 
In the history of our culture and the progress of our race. 


Tableau fades 


The President's Page 
COMMITTEES AND APPOINTMENTS 

THe success of a professional organization like the National Council of Teachers of 
Mathematics depends in large part on the work of committees and members appointed 
to carry out special responsibilities. This month the official list of National Council 
committees and appointments is given to provide the membership information on the 
planning activities of our organization and on the names of the nearly one hundred 
members who are giving generously of their time, and sometimes of their money, to 
carry forward our program. 

According to the Constitution there are certain designated Standing Committees and 
other committees may be authorized by the Board of Directors. Committee members 
are appointed by the president subject to the approval of the Board. The Standing 
Committees are: Auditing, Budget, Nominations and Elections, Year Book Planning, 
and Publications of Current Interest (Supplementary Publications). The membership 
of all Standing Committees is on a rotation basis. The membership of certain other 
committees is also on a rotation basis, when in the view of the Board, the committee 
assignment is of a long term nature. The Board has given the President the responsi- 
bility of naming the chairmen of all committees with membership on the rotation basis. 
In the list below the date of termination of appointment is given by year for individual 
members or for the whole committee and it is understood that the term of appointment 
ends at the close of the Annual Meeting of the vear designated. 

Among the more recently appointed committees are those on Teacher Education in 
Mathematies, Publication for High School Students, and Publication for Arithmetic 
Teachers. The Committee on Teacher Education in Mathematies is jointly sponsored 
by the Mathematical Association of America and is intended to plan a follow-up of the 
Symposium held in August, 1952, and reported in the December, 1952 number of 
Tue Matruematics TEACHER on this page. The other two new committees are explora- 
tory committees and are assigned the responsibilities of investigating the need for, 
possible nature of, and probable cost of periodicals, in the areas designated, to supple- 
ment the present program of publications of the National Council. 

As has been stated on this page before it is hoped that many more members can be 
brought into active participation in the work of the National Council. Committees 
and appointments provide one kind of opportunity for this. Since quite a number of 
committee appointments, on old and new committees, will have to be made in 1953, 
members of the Council are urged to send to the president the names of those who are 
not active in National Council work and who can be recommended for this work on the 
basis of their special interests and experience in a particular kind of activity, their 
qualities of leadership, and their devotion to the goals of the National Council. 

It is realized that appointment of any one person to several committees is not the 
most desirable practice but it will be recognized that certain of the committee responsi- 
bilities are such that members of the Board of Directors and past elected officers of 
the Council need to be closely associated with the committees. In many of the com- 
mittees geographical representation has been an important consideration in committee 
appointments but, because of the difficulty of providing for committee meetings, this 
consideration can not always be foremost. 

Joun R. Mayor, President 
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National Council Business 


Affiliated Groups (1954): Mary C. Rogers, Westfield, N. J., Chairman; Southeastern: W. A. 
Gager, Gainesville, Fla.; Southwestern: Ida May Bernhard, Austin, Tex.; Northwestern: Donovan 
Johnson, Minneapolis, Minn.: Northeastern: Jackson Adkins, Exeter, N. H. 

Auditing (1953): Daniel Lloyd, Washington D. C.; Ella Marth, Washington, D. C. 

Budget: Henry Van Engen, Cedar Falls, Ia., Chairman (1953); Harry Charlesworth, Denver, 
Colo. (1954); Donovan Johnson, Minneapolis, Minn. (1955). 

On Cooperation with N.E.A. (1954): Agnes Herbert, Baltimore, Md., Chairman; Allene Archer, 
Richmond, Va.; Harry Charlesworth, Denver, Colo.; James Zant, Stillwater, Okla. 

Executive (1953): John R. Mayor, Madison, Wis.; Henry Van Engen, Cedar Falls, Ia.; Marie 
Wilcox, Indianapolis, Ind. 

Membership Drive (1953): M. H. Ahrendt, Washington, D. C., Chairman; Jackson Adkins, 
Exeter, N. H.; Clifford Bell, Los Angeles, Calif.; Kenneth Brown, Washington, D. C.; W. A. Gager, 
Gainesville, Fla.; Lucey Hall, Wichita, Kans.; Elizabeth Roudebush, Seattle, Wash.; Henry Swain, 
Winnetka, Ill.; Henry Van Engen, Cedar Falls, Ia. 

Nominations and Elections Committee (1953): Edith Woolsey, Minneapolis, Minn., Chairman; 
H. W. Charlesworth, Denver, Colo.; Agnes Herbert, Baltimore, Md.; Lenore John, Chicago, IIL; 
F. L. Wren, Nashville, Tenn. 

On Nominations for Editor of THe Maruematics TEACHER (1953): Lenore John, Chicago, IIL., 
Chairman; Harold Faweett, Columbus, O.; W. A. Gager, Gainesville, Fla.; Lucy Hall, Wichita, 
Kans.; Agnes Herbert, Baltimore, Md.; Ben Sueltz, Cortland, N. Y.; Marie Wilcox, Indianapolis, 
Ind. 
Place of Meetings: Agnes Herbert, Baltimore, Md., Chairman (1955); Allene Archer, Richmond, 
Va. (1954); Harold Fawcett, Columbus, O. (1954); Lucy Hall, Wichita, Kans. (1953); Henry W. 
Syer, Boston, Mass. (1953); Edith Woolsey, Minneapolis, Minn. (1955). 

On Records in the National Office (1953): Agnes Herbert, Baltimore, Md., Chairman; Truman 
Klein, Washington, D. C.; Francis G. Lankford, Jr., Charlottesville, Va.; Veryl Schult, Washington, 
D. C.; Dorothy Wilson, Washington, D. C.; Myrl Ahrendt, Washington, D. C. (Ex-Officio). 

State Representatives (1954): M. H. Ahrendt, Washington, D. C., Chairman. 


Meetings 


Co-ordination of Programs: President and Vice-Presidents 

Atlantic City (April 1953): Program: Mayor, Herbert, Sauble, Wilcox, Zant. 
Local Arrangements: Mary C. Rogers, Westfield, N. J. 

Miami (July 1953): Program: W. A. Gager, Gainesville, Fla. 
Local Arrangements: Charlotte Carlton, Miami, Fla. 

Kalamazoo (August 1953): Program: Irene Sauble, Detroit, Mich. 
Local Arrangements: Charles H. Butler, Kalamazoo, Mich. 

Los Angeles (December 1953): Program: Marie Wilcox, Indianapolis, Ind. 
Local Arrangements: Clifford Bell, Los Angeles, Calif. 

Cincinnati (April 1954): Program: President and Vice-Presidents 
Local Arrangements: Mildred Keiffer, Cincinnati, O. 


Publications 


On Official Journal (1953): E. H. C. Hildebrandt, Evanston, Ill., Chairman; Phillip Jones, Ann 
Arbor, Mich.; Henry W. Syer, Boston, Mass.; Edith Woolsey, Minneapolis, Minn. 

On Publication for Arithmetic Teachers (1953): Henry Van Engen, Cedar Falls, Ia., Chairman; 
Foster Grossnickle, Jersey City, N. J.; Ida Mae Heard, Lafayette, La.; E. H. C. Hildebrandt, Ev- 
anston, Ill.; Harold Moser, Towson, Md.; Sara A. Rhue, Madison, Wis.; Irene Sauble, Detroit, 
Mich.; D. Banks Wilburn, Huntington, W. Va. 

On Publication for High School Students (1953) (jointly sponsored with The Mathematical 
Association of America): Harold D. Larsen, Albion, Mich., Chairman; Kk. Eileen Beckett, Lebanon, 
Ind.; Harold Fawcett, Columbus, O.; D. W. Hall, College Park, Md.; Margaret Joseph, Milwaukee, 
Wis.; H. L. Meyer, Jr., Chicago, Ill. 

On Publications of Current Interest: Henry Syer, Boston, Mass., Chairman (1955); M. H. 
Ahrendt, Washington, D. C.; Charles Butler, Kalamazoo, Mich.; Hope Chipman, Ann Arbor, Mich.; 
Janet Height, Wakefield, Mass.; Donovan A. Johnson, Minneapolis, Minn.; Phillip Jones, Ann 
Arbor, Mich.; Margaret Joseph, Milwaukee, Wis.; Joy Mahachek, Indiana, Pa.; Ann C. Peters, 
Keene, N. H.; H. Vernon Price, Iowa City, Ia.; Henry Swain, Winnetka, III. 

Yearbook Planning: F. Lynwood Wren, Nashville, Tenn., Chairman (1953); Frank G. Lank- 
ford, Jr., Charlottesville, Va. (1955); Daniel W. Snader, Urbana, III. (1954). 

22nd Yearbook: John R. Clark, Lahaska, Pa., Chairman; John J. Kinsella, New York, N. Y.; 
Joy Mahachek Indiana, Pa.; Philip Peak, Bloomington, Ind.; Veryl Schult, Washington, D. C. 
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Other Professional Activities 


Contests, Scholarships, Talent Search Committee (1953): Houston T. Karnes, Baton Rouge, 
La., Chairman; Walter H. Carnahan, Lafayette, Ind.; Daniel B. Lloyd, Washington, D. C.; Mary 
C. Rogers, Westfield, N. J.; Marie 8. Wilcox, Indianapolis, Ind. 

On Cooperation of Mathematics with Industry (1954): Phillip 5. Jones, Ann Arbor, Mich., 
Chairman; Clifford Bell, Los Angeles, Calif.; Ida May Bernhard, Austin, Texas; Paul C. Clifford, 
Montclair, N. J.; Richard M. Johnston, Tulsa, Okla.; Donald W. Lentz, Parma, O.; Catherine A. V. 
Lyons, Pittsburgh, Pa.; W. W. Rankin, Durham, N. C.; Myron Rosskopf, New York, N. Y.; John 
Schacht, Columbus, O. 

On Teacher Education in Mathematics (1954) (jointly sponsored with M.A.A.): Carroll V. 
Newsom, Albany, N. Y., Chairman; Burton W. Jones, Boulder, Colo.; Kenneth May, Northfield, 
Minn.; Robert Pingry, Urbana, Ill; Alfred Putnam, Chicago, Ill; Henry Van Engen, Cedar Falls, 
Iu.; Robert C. Yates, West Point, N. Y. 

Publicity (1953): Kenneth E. Brown, Washington, D. C., Chairman; H. G. Ayre, Macomb, IIL; 
M. H. Ahrendt, Washington, D. C.; Allene Archer, Richmond, Va.; Ida Mae Heard, Lafayette, 
La.; Mabel Simcox, Chicago, Ill; Gilbert Ulmer, Lawrence, Kans. 

Subcommittees: 

JOURNALS OF Epucation: M. H. Ahrendt, Washington, D. C.; Ida Mae Heard, Lafayette, 
La.; Lesta Hoel, Portland, Ore.; Veryl Schult, Washington, D. C.; James H. Zant, Stillwater, 
Okla. 

Porutark MaGazines: Howard F. Fehr, New York, N. Y.; Maurice Hartung, Chicago, IIL; 
Frank Lankford, Charlottesville, Va.; Elizabeth Roudebush, Seattle, Wash.; Ben Sueltz, Cort- 
land, N. Y. 

Research: H. Van Engen, Cedar Falls, Ia., Chairman (1955); Kenneth E. Brown, Washing- 
ton, D. C. (1954); Howard F. Fehr, New York, N. Y. (1954); Ida Mae Heard, Lafayette, La. 
(1955); Lenore John, Chicago, Ill. (1953); F. Lynwood Wren, Nashville, Tenn. (1953). 


National Council Representatives 


National Committee on Teaching Mathematics (Associated with the International Mathematics 
Union) FE. H. C. Hildebrandt, Evanston, Ill.; Henry W. Syer, Boston, Mass. 


N.E.A. Regional Conferences on Teacher Education and Professional Standards 


New York January 2-3, 1953 Agnes Herbert, Baltimore, Md. 

John Kinsella, New York, N. Y. 
Atlanta January 9-10, 1953 Bess Patton, Atlanta, Ga. 
Chicago January 19-20, 1953 H. G. Ayre, Macomb, III. 

W. Hellmich, DeKalb, Ill. 
Kansas City January 23-24, 1953 Gilbert Ulmer, Lawrence, Kans. 

James Zant, Stillwater, Okla. 
Colorado Springs January 26-27, 1953 Burton Jones, Boulder, Colo. 
San Francisco January 30-31, 1953 G. T. Buswell, Berkeley, Calif. 


Arthur Hall, Menlo Park, Calif. 


Annual Conference on Elementary Education (U. 8. Office of Education, Washington, D. C., 
1953): Edwina Deans, Arlington, Va.; Ben A. Sueltz, Cortland, N. Y. 

N.E.A. Centennial Action Program Conference (Atlantic City, 1953): Agnes Herbert, Baltimore, 
Md. 


(Other Representatives of the National Council were given on this page in the February, 1953 
issue.) 


~—-In all good thinking and feeling are to be found the three great ideas underlying both logic 
and mathematics; viz.: Generality; Form (something that can be handled when its type is recog- 
nized); and Variability. 
J. Barzun, Teacher in America, p. 87 
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MATHEMATICAL MISCELLANEA 


Edited by 8. JoNEs 
University of Michigan, Ann Arbor, Michigan 


78. More About Big Numbers 


Miscellanea 60 [Tue MATHEMATICS 
Teacuer, XLV (Nov. 1952), p. 528-530] 
brought several replies which we publish 
here and in the next two items. 


Arsenal Junior High School 
PirrsBuRGH I, Pa. 
Nov. 11, 1952 


Dear Dr. JoNnzgs: 

In answer to Tom Hawk’s letter, Miscel- 
lanea 50, it occurred to me that he might be look- 
ing for large-number names. In your answer, 
Miscellanea 60, you refer to George Soulés’ 
number names, published in 1905. I am enclos- 
ing a copy of the “‘Appendix”’ to Edward Brooks’ 
The Philosophy of Arithmetic (Lancaster, Pa.: 
1880 and 1904). On page 100 of the text Brooks 
writes: ‘‘... the names of the periods above 
duodecillions have not been fully settled by us- 
age. Prof. Henkle . . . finds a law which he main- 
tains should hold in the formation of the names 
of the higher periods . . . from the Latin ordinal 
numerals.”’ I have been able to find nothing 
further concerning Henkle. 

Milli-millillion is 1039999, At 10 digits to the 
inch, ordinary typewriter spacing, with no al- 
lowance for commas, one milli-millillion would 
be 4.75 miles long. Aaron Bakst, in Mathematics 

—Its Magic and Mastery, page 55, says a billion, 
or 10°, “objects, if one were counted each sec- 
ond, could be counted in ‘about 31.7 years pro- 
vided the teller worked on a non-stop shift day 
and night, week day and holiday.”’ But since one 
can count seconds by saying “‘one thousand one, 
one thousand two,” or four syllables to the sec- 
ond, one could not keep up this rate in counting 
much past one thousand, one hundred. 

Perhaps Tom would calculate how much 
time would be needed to calculate some of the 
larger numbers given by Henkle. Another thing 
for Tom to consider is this, how much further 
could he count, given endless time and leisure, 
before needing to invent a new combination of 
prefixes for these millillions? 

Do you ever want new questions, or new 
forms of old questions for your readers and their 
students to puzzle over? Which would you 
rather have, one pound of fifty-cent pieces or 
two pounds of quarters? What shape is night? 

Sincerely yours, 
F. Brown 


Henkle’s Names of Periods 


Millions (1), Billions (2), Trillions (3), Quad- 
rillions (4), ..., Nonillions (9), Decillions (10), 
Undecillions (11), Duodecillions (12), Tertio- 
decillions (13), Quarto-decillions (14),..., 
Nono-decillions (19), Vigillions (20), Primo- 
vigillions (21), Secundo-vigillions (22),..., 
Nono-vigillions (29), Trigillions (30),..., 
Quadragillions (40), ..., Quinquagillions (50), 
..., Nonagillions (90), ..., Centillions, (100), 
Primo-centillions (101),..., Decimo-centil- 
lions (110), Undecimo-centillions (111), Duo- 
decimo-centillions (112), Tertio-decimo-centil- 
lions (113),..., Vigesimo-centillions (120), 
Primo-vigesimo-centillions (121), ..., Trigesi- 
mo-centillions (130),..., Quadragesimo-cen- 
tillions (140), .. . , Ducentillions (200), Trecen- 
tillions (300), Quadringentillions (400), Quin- 
gentillions (500),..., Millillions (1000),..., 
Centesimo-millillions (1100), Ducentesimo-mil- 
lillions (1200), Trecentesimo-millillions (1300), 
Quadringentesimo-millillions (1400), ..., Non- 
gentesimo-millillions (1900), Bi-millillions (2000), 
Tri-millillions (3000), Quadri-millillions (4000), 
..., Deci-millillions (10,000), Undeci-millil- 
lions (11,000), Duodeci-millillions (12,000), ..., 
Vici-millillions (20,000), Semeli-vici-millillions 
(21,000), Bi-vici-millillions (22,000), ... , Trici- 
millillions (30,000), Quadragi-millillions (40,- 
000), Quinquagi-millillions (50,000), ..., Cen- 
ti-millillions (100,000), Semeli-centi-millillions 
(101,000), Bi-centi-millillions (102,000), ..., 
Ducenti-millillions (200,000), Trecenti-millil- 
lions (300,000),..., Milli-millillions (1,000,- 
000). 
It should be observed that words ending in o 
represent numbers to be added and those ending 
in 7 represent multipliers. When two words end 
in z the sum of the numbers indicated is to be 
taken as a multiplier. In each, the last word indi- 
cates the number to be increased or multiplied. 


Note that Henkle uses vigillion for the 
vigintillion which was cited in Miscellanea 
60. This is symptomatic of the fact that 
names for these larger numbers have been 
so little needed that one can find few 
places where they have been written. In 
these few places there is general agreement 
as to how one would proceed to make use 
of a systematic Latin nomenclature to 
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extend the number names, but there is 
some disagreement in the details. 

This may be a good place to note a 
little brochure, ‘‘Are You Suffering from 
Billion-itis?,”” published before the 1952 
election by the Barnes-Gibson-Raymond 
Division of the Associated Spring Cor- 
poration, P.O. Box 555, Plymouth, Michi- 
gan. Its advertising and political under- 
tones are not so great as to prevent its 
being useful for students. A few copies are 
still available gratis by writing to the 
company.* 


79. One Man’s Big Numbers 


Those who find huge numbers interesting 
should not overlook the numerical re- 
searches of Horace Scudder Uhler, Pro- 
fessor of Physics (now emeritus) at Yale 
University. Professor Uhler has devoted 
much of his spare time to performing 
prodigious calculations, evaluating with 
great care many mathematical constants. 
His results include exact values of im- 
mense integers having hundreds of digits, 
and approximations to hundreds of deci- 
mal places for logarithms, reciprocals, 
roots and other quantities. It is the pur- 
pose of this note to indicate some of the 
numbers that are on record, and where 
they can be found. Appended is a list of 
some of Professor Uhler’s papers, par- 
ticularly those which contain extended 
numerical data. For convenience the titles 
are numbered, and will be referred to by 
number in the paragraphs below. 

“In the year 1900 while working on 
m7, | used tan~! 1/5 and prepared a non- 
consecutive table of powers of 2...” is 
a quotation from (21), an interesting note 
already referred to in Miscellanea 12 
[Tue Marnematics XLIII 
(Dee. 1950), 418-419]. Details of this use 
of powers of 2 appear in (25), where some 
really big integers are tabulated. Listed 
are the values of 2" for n=778, 889, 971, 
1000, 2000, 2222, 3000, 3889, 4001, powers 


* Also readable in connection with big num- 
bers is ‘Perfect Numbers” by Constance Reid 
in the Scientific American, vol. 188 (March 
1953), pp. 84-86. 
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with 235, 268, 293, 302, 603, 669, 904, 
1171, 1205 digits respectively. Topping all 
of these is the 2466 digit value of 2*!% in 
(27). Scattered throughout the papers on 
Mersenne’s numbers and on Lucas’ se- 
quences are various powers of 2. Thus the 
value of 2” for n=66, 521, 607, 1279 can 
be found in (28); for 216 and 378 in (22); 
229 in (20); 227 and 971 in (19); 199 in 
(18); 193 in (16); 157 in (15); 47, 53, 100 
in (26); 13, 17, 31 in (27). These include 
cases Where /, is given, that is for p= 13, 
17, 31, 157, 193, 199, 227, 229, 521, 607, 
1279 since 2?=M,+1. Along with the 
last three of these there appear in (28) the 
exact values of the 14th and 15th prefect 
numbers and some recently discovered 
large primes. 

In the course of his investigations which 
established the composite nature of the 
Mersenne numbers ./, corresponding to 
p= 157, 167, 193, 199, 227, 229, Professor 
Uhler used the Lucasian sequence 4, 14, 
194,---,S,,-+-, for all but Mig. The 
proof for the latter was based on 3, 7, 
47, Details of the procedures in- 
volved in such investigations are supplied 
in (27) and (28), and need not concern us 
here. More suited to our present purpose is 
the consideration of the magnitude of the 
terms of 4, 14, 194, 37634, ---. Since 


Sn = (Sn)? -2 


the terms soon become enormous. In (20), 
which announces that M9 is composite, 
we find S;=1416317954; and in (28), 
Se = 2005956546822746114. The 37 digit 
value of S; appears in (27), but the 
74 digit Ss seems never to have been 
mentioned in Professor Uhler’s papers. 
Later terms are given, however, as follows: 
147 digit Sy in (18), 293 digit Sio in (19), 
586 digit Si in (24). Sie, Si3, Su receive 
notice in both (27) and (28). To achieve 
real penetration of this sequence So2.5 and 
S3sg are investigated in (22). A logarithmic 
computation with 123 significant figures 
by methods and data from (5) shows, 
among other things, that merely to express 
the number of digits in S22. requires a 68 
digit integer. Similarly, a 117 digit integer 
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expresses the number of digits in Sys. For 
comparison recall that a four digit integer 
expresses the number of digits in 2*!9!. 

Before leaving matters related to powers 
of 2 we should consider Professor Uhler’s 
contribution to the literature of Pythag- 
orean number, presented in (3). There we 
find the exact values of the sides of a right 
triangle whose legs a and b and hypotenuse 
c are such that 


a = 25998(442-1997) 1205 digits, 
b = 23998(3 —2-1998 _ 92-3998) 1204 digits, 
= 23998( 5 + 21998 42-3998) 1205 digits. 


It isevident from (25) that the numerical 
data necessary for evaluating these ex- 
pressions was ready for application. To 
duplicate this on an easily managed scale 
we can substitute a suitably small integer 
for n in the following generalized forms of 
the above numerical expressions wherein 
n=1999,. 

a=2(444-2-"), 
9- 


c= 
To make certain that such a triangle is a 
right triangle notice that 


a=2?"(4)(1+2-"), c+b=2?"(8), 


| 


that is, 

Then 

(e+b)(e—b) 
so that 

For this right triangle, then, 

tan 
But if a=4, b=3, c=5, then tan 3A =}. 
Comparing 3(1+2-!***) with 3 it becomes 
plain that, in accordance with deliberate 
design, the giant triangle just barely es- 
capes being similar to the 3, 4, 5 triangle. 

Along with the powers, in the front rank 


of generators of huge numbers are the 
factorials. “The first figure of 450! falls in 


the 1001th place to the left of the decimal 
point hence this number may be fancifully 
dubbed the Arabian Nights’ Factorial’. 
This is the opening remark in (24), which 
deals with 450! and 448!, mentions the 
value of 450!/400! and its factorization 
into primes, and developes some interest- 
ing elementary properties of consecutive 
factorials. ‘““‘Weighted-mean factorial’ re- 
fers to the expression 2(n—1)! which ap- 
pears as a limit. The major results here 
recorded are actually 450!/10'™ and 
448!/10'°® because the two factorials are 
shorn of their terminal zeros. These com- 
puted results are based upon and extend 
earlier work on factorials as presented in 
(6), (7), (8). Title (6) identifies a 24 page 
booklet containing a four page introduc- 
tion and an 18 page table. The following 
gleaned from the table of values, may be 
of interest. With terminal zeros included 
let n! have d digits. Corresponding values 
of n and d are 

n=22, 23, 24, 41, 69, 70, 100, 200. 
d =22, 23, 24, 50, 99, 101, 158, 375. 
Material in the introduction may be used 
as the basis for an interesting discussion 
with a class or club which has had some 
experience with factorials. In (8) the 
functions are tabulated without the 
terminal zeros (say fin number) and hence 
are listed as values of n!//0*. The values 
of n are the multiples of 5 from 305 to 400, 
yielding twenty immense numbers be- 
ginning with the 552 digit 305!/10” and 
ending with the 770 digit 400!/10°°. 

Turning now from huge integers we 
glance at some highly extended approxi- 
mate data. For convenience D denotes 
“decimal places”, and S “significant 
figures’’. 

The cube roots of 2 and 3 in (29) extend 
to more than 700D, and those of 4 and 9 
to 478D. Exceeding even the 1300D in 
(14) is the approximate value of ./2 to 
1544D in (13). 

In (4) the values of 1,/n! from n=1 to 
n=214 are given to 475D, and from 
n=215 to n=369 to 70S. For n=369 the 
first of the S is in the 789th place to the 
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right of the decimal point. Derived num- 
bers are some sines, cosines and exponen- 
tials. 

The early paper (1) presents the value 
of 7'=e~** and seven other values of e** to 
52 “certainly correct’? D. These results 
are extended in (12) to 136S and amplified 
to include et*", cosh kr, sinh km for 14 
values of k. 

Most of the data recorded in (9), (10), 
(11) are natural logarithms of m and of all 
primes to 113. The degree of approxima- 
tion varies from 110D to 330D. Some im- 
portant common logarithms also appear, 
such as those of e, 7, \/2r, and of small 
primes. Miscellaneous items include In 
100! and some arctangents. In (9) there 
are also approximations to over 250D 
of 1/m and The computation of 
was not performed by Professor Uhler, 
however, but by J. W. Wrench, Jr., who 
has recently published a 328D approxi- 
mation of Euler’s Constant [Mathematical 
Tables and Other Aids to Computation. 
vol. 6 (Oct. 1952), p. 255]. Additional 
arctangents and natural and common 
logarithms, 214-330D, appear in (27); 
290D In 173 and In 5709 in (23). 

A coneluding thought on reliability 
may not be amiss. We quote from (9): 
“Since even a single false digit in the pub- 
lished value of a basie constant can cause 
incalculable loss of time and energy, and 
since unfortunately the literature of large 
numbers abounds in erroneous figures, it 
seems desirable . . . to emphasize the care 
and precautions which were taken in the 
earnest endeavor to obtain reliable re- 
sults’. This exemplifies the spirit which 
pervades all of Proiessor Uhler’s work. 
Using varving methods check, re-check, 
and once more check at every step from 
computation to printing until it is certain 
that completely trustworthy results are 
published. 


In the Amertcan MaruematicaL MONTHLY 


(1) On the Numerical Value of i#, XXVIII 
(March 1921), 114-116. 

(2) Multiplication of Large Numbers, XXVIII, 
(Nov.—Dee. 1921), 447-448. 


(3) A Colossal Primitive Pythagorean Triangle, 
LVII (May 1950), 331-332. 


In the TRANSACTIONS OF THE CONNECTI- 
cur ACADEMY OF ARTS AND SCIENCES 
(4) A New Table of Reciprocals of Factorials 
and Some Derived Numbers, XXXII (Janu- 
ary 1937), 381-434. 


Privately published by H. 8S. Uhler, 
New Liaven, Connecticut 


(5) Original Tables to 137 Decimal Places of 
Natural Logarithms for Factors of the Form 
(1+n-10-”), Enhanced by Auxiliary Tables 
of Logarithms of Small Integers. (June 
1942.) 

(6) Exact Values of the First 200 Factorials. 

February 1944. 

Exact Values of n!, n=201 to 300. Unpub- 

lished manuscript. 
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In the PRocEEDINGS OF THE NATIONAL 
ACADEMY OF SCIENCES 


(8) Twenty Exact Factorials Between 304! and 
401!, XXXIV (Aug. 1948), 407-412. 

(9) Log w and Other Basic Constants, XXIV 
(January 1938), 23-30. 

(10) Recalculation and Extension of the Modulus 
and of the Logarithms of 2, 3, 5, 7, and 17. 
XXVI (March 1940), 205-212. 

(11) Natural Logarithms of Small Prime Num- 
bers, XXITX (Oct.-Nov. 1943), 319-325. 

(12) Special Values of e'*, Cosh (kr) and Sinh 
(kr) to 136 Figures, XXXII (February 
1947), 34-41. 

(13) Many-Figure Approximations to 2, and 
Distribution of Digits in and 
XXXVII (January 1951), 63-67. 

(14) Approximations Exceeding 1300 Decimals 
for V3, 1/V3, Sin (r/8) and Distribution 
of Digits in Them, XXXVII (July 1951), 
443-447. 

(15) First Proof that the Mersenne Number Mys7 
Is Composite, XXX (October 1944), 314- 
316. 

(16) On All of Mersenne’s Numbers Particularly 
Migs, XXXIV (March 1948), 102-103. 


In the BULLETIN OF THE AMERICAN 
MATHEMATICAL SOCIETY 


(17) Note on the Mersenne Numbers Mis; and 
Micz, LIL (February 1946), 178. 

(18) On Mersenne’s Number Mj 93 and Lucas’s 
Sequences, LIIT (February 1947), 163-164. 

(19) On Mersenne’s Number Moz and Cognate 
Data, LIV (April 1948), 378-380. 


In MATHEMATICAL TABLES AND OTHER 
Arps TO COMPUTATION 


(20) A New Result Concerning a Mersenne Num- 
ber, II (April 1946), 94. 

(21) Huge Numbers, II (January 1947), 224- 
225. 

(22) The Magnitude of Higher Terms of the Lu- 
casian Sequence 4, 14, 194, +++, IIT (April 
1948), 142-143. 
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In Scripta MATHEMATICA 


(23) A Mathematician’s Tribute to the State of 
Israel, XIV (Sept.—Dec. 1948), 281-283. 

(24) The Arabian Nights’ Factorial and _ the 
Weighted-Mean Factorial, XV (March 
1949), 94-96. 

25) Table of Exact Values of High Powers of 2, 
XV (Sept.—Dec. 1949), 247-251. 

(26) Miscellaneous Hints for and Experiences in 
Computation, XVI (Marech-June 1950), 31- 
42. 

(27) Many-Figure Values of the Logarithms of 
the Year of Destiny and Other Constants, 
XVII (Sept.—Dee. 1951), 202-208. 

(28) A Brief History of the Investigations on 
Mersenne Numbers and the Latest Immense 
Primes, XVIII (June 1952), 122-131. 

(29) Many-Figure Approximations for 2, ¥/ 3, 
4, and W9 with x? Data, XVIII (June 
1952), 173-176. 

It may be of interest to some readers 
that Seripta Mathematica published by 
Yeshiva University, New York City, of- 
fers reprints of many of the articles that 
appear in its issues. Prices usually range 
from 10¢ to 35¢. 

ADRIAN STRUYK, 
Clifton High School, 
Clifton, N. J. 


8. Generating Certain Huge Pythagorean 
Triangles* 


In the previous note mention was 
made of H. 8S. Uhler’s colossal triangle, a 
Pythagorean primitive each of whose side 
lengths is expressed by over 1200 digits, 
and whose shape is just the slightest bit 
different from that of the 3-4-5 triangle. 
There arises immediately the problem of 
designing a huge primitive Pythagorean 
triangle to be “almost similar’ to any 
given primitive Pythagorean triangle. 
One possible solution is outlined in an 
elementary way below. 

In a given triangle ABC let a, b, ¢ be 
relatively prime integers such that a?+b* 
=c*’, with a even, b and ¢ odd. Then c+b 
and c—b are even, 


(c+b)(e—b) =a’, 


and 


* For earlier discussions of Pythagorean 
numbers see Miscellanea 49, Tok MATHEMATICS 
Teacuer, XLV (April, 1952), 269 ff. and the 
references cited there. 


tan =(c—b)/a. 
Suppose that sides a’, b’, c’ 
A’B’C’ are such that 

a’=kar, 

ce’ +b’ =k(e+b), 

—b’=k(e—b)r’, 
where / and r are numbers to be deter- 
mined. Then 
(c’ +b’) (c’ —b’) =k*(ce+b) (e—b)r? = 
Hence 


of triangle 


=a", 
and A’B’C’ is a right triangle. Therefore 
also 
tan 3A’ =(c’—b’)/a’ =(e—b)r/a, 
that is 
tan $A’=r-tan 3A. 

Now if triangle A’B’C’ is almost similar 
to triangle ABC then the angles A’ and A 
are very nearly equal. Hence r must have 
a value very close to 1. To make this so 
take 

1 
r=l+—, 
I 


where / is a large integer. Furthermore, to 
make sure that a’, b’, c’ are integers take 
k=I° because of the expression k(¢—b)r° 
above. Making these substitutions we find 
that, explicitly, 

a’=al(I+1), 

ce’ 
From these expressions it is plain that for 
a primitive triangle A’B’C’ the numbers J 
and 3(e—b) must be relatively prime. 
Since J is to be huge, however, while b and 
care to be rather small, the removal of any 
existing common factor would nevertheless 
leave a giant triangle. 

For a first numerical example take the 
8-15-17 triangle to be the given one. 
Here a=8, b=15, c=17, }(e—b) =1. Let 
I=10°. Then, taking the — in +, 

a’= 79,999,200,000; 
b’ = 150,000,199,999; 
c’ = 169,999,800,001. 


(Continued on page 273) 


gle, 

als 

1u- 

of 

rm 

les 

ne 

Is. 

h 

y 

|| 


REFERENCES FOR MATHEMATICS TEACHERS 


Edited by L. ScHaar 
Department of Education, Brooklyn College, Brooklyn, N.Y. 


College Mathematics 


1. OBJECTIVES AND VALUES 

Allendoerfer, C. B. ‘‘Mathematies for Liberal 
Arts Students.’”” American Mathematical 
Monthly, 1947, 54: 573-78. 

Bakst, Aaron. “The Teaching of Collegiate 
Mathematies.”’ School Science and Mathe- 
matics, 1952, 52: 462-63. 

Moulton, E. J. “College Mathematics—a State- 
ment for the Undergraduate.’’ American 
Mathematical Monthly, 1941, 48: 351-52. 

Newsom, C. V. “The Place of Mathematics in 
Modern Edueation.”” Scripta Mathematica, 
1951, 17: 161-72. 

Newsom, C. V. “The Teaching of Collegiate 
Mathematies.”’ School Seience and Mathe- 
matics, 1952, 52: 130-32. 

Northrup, E. P. ‘‘Mathematies in a Liberal Ed- 
ucation.”’ American Mathematical Monthly, 
1945, 52: 132-37. 

Nowlan, F. 8. “Objectives in the Teaching of 
College Mathematics.’”” American Mathe- 
matical Monthly, 1950, 57: 73-82. 

Ore, Oystein. “‘Mathematics for Students of the 
Humanities.” American Mathematical 
Monthly, 1944, 51: 453-58. 

tichardson, M. ‘*Mathematics and Intellectual 
Honesty.’ American Mathematical Monthly, 
1952, 59: 73-78. 

Richardson, M. ‘The Place of Mathematies in a 
Liberal Edueation.’’ National Mathematics 
Magazine, 1945, 19: 349-58. 

Stark, Marion. Look Before and After.” 
National Mathematics Magazine, 1943, 18: 
116-19. 

Sullivan, Sister Helen. “‘Is Mathematies a Lib- 
eral Art or a Lost Art?” Catholic Education 
Review, 1944, 42: 222-27. 

Sullivan, Sister Helen. ‘‘Mathematics in the 
Open Forum.”’ National Mathematics Maga- 
zine, 1944, 18: 276-79. 

Vance, P. “The Teaching of Mathematics in 
Colleges and Universities.’’ American Math- 
ematical Monthly, 1948, 55: 57-64. 


2. Curricula; JUNtoR COLLEGE MATHEMATICS; 
CoLLecGe GENERAL MATHEMATICS 
Ahern, L. “Scope of Mathematical Offerings in 
Selected Junior Colleges.””, MatrHematics 
TEACHER, 1942, 35: 18-22. 

Brown, B. H. “Inquiries in Mathematics. 
Mathematics Magazine, 1949, 22: 151-56. 


” 


Brown, Kenneth. “The Content of a Course in 
General Mathematics—Teachers’ Opin- 
ions.” Marnematics Teacuer, 1950, 43: 
25-30. 

Brown, Kenneth. “Is General Mathematies in 
the College on Its Way Out?” Matuemat- 
ics TEACHER, 1948, 41: 154-58. 

Brown, Kenneth. ‘What is General Mathemat- 
ies?” Maruematics TEACHER, 1946, 39: 
329-31. 

Clark, W. “Mathematics Offered to Commerce 
and Administration Students in Junior Col- 
leges.”’” School Science and Mathematics, 
1941, 41: 340-45. 

Dorwart, H. L. “Comments on the North Caro- 
lina Program.” American Mathematical 
Monthly, 1941, 48: 37-39. 

Dorwart, H. L. ‘Post-war Blueprint.” National 
Mathematics Magazine, 1945, 19: 194-96. 

Edwards, P. D., Jones, P. S., and Meserve, 
B. E. “Mathematical Preparation for Col- 
lege.’ Maruematics TEACHER, 1952, 45: 
321-30. 

Georges, Joel. “Integrated vs. Traditional 
Mathematies.’’ American Mathematical 
Monthly, 1941, 48: 126-31. 

Gunder, D. “Coordinating the Teaching of 
Mathematies in High Schools and Col- 
leges.””. National Mathematics Magazine, 
1941, 15: 248-50. 

Hammond, C. D. ‘‘Analysis of the Mathematics 
Courses Offered in the Public Junior Col- 
leges of California, 1948-1949." Junior 
College Journal, 1949, 20: 218-20. 

Hammond, C. D. ‘‘Mathematies in California 
Junior Colleges.’ California Journal of 
Secondary Education, 1947, 22: 462-67. 

Hart, R. W. “Terminal Courses in Mathemat- 
ics.”?’ Junior College Journal, 1941, 11: 253- 
56; also, Education Leader, 1940, 3: 172-76. 

Hartung, M. L. ‘Effects of Revision of Junior 
College Mathematics.”’ School Review, 1945, 
53: 197-98. 

Karnes, H. T. “Junior College Mathematics in 
View of the President’s Report.” MarHe- 
MATICS TEACHER, 1950, 43: 149-52. 

Kilbridge, J. T. “How Different Are the Several 
Objectives of a Course of Study in Mathe- 
matics?” College and University, 1948, 23: 
201-11. 

Meder, Albert. “The Articulation of High 


0 


1 


REFERENCES FOR MATHEMATICS TEACHERS 271 


School and College Mathematics.” The 
New Jersey Mathematics Teacher, 1950, 7: 
5-15. 

Montague, Harriet. ‘‘A Course in the Signifi- 
cance of Mathematies.’’ American Mathe- 
matical Monthly, 1941, 48: 681-84. 

Newsom, C. V. “A Course in College Mathemat- 
ics for a Program of General Education.” 
MATHEMATICS TEACHER, 1949, 42: 19-24. 

Norris, E. T. ‘‘An English College Course 
Based on the Function Concept.”?” MarHe- 
MATICS TEACHER, 1952, 45: 513-17. 

Northrop, E. P. “The Mathematics Program in 
the College of the University of Chicago.” 
American Mathematical Monthly, 1948, 55: 
1-7. 

Osner, H. “Junior-college Survey Course in 
Mathematics.”’ California Journal of Sec- 
ondary Education, 1947, 22: 468-72. 

Richtmeyer, C. C. ‘‘A Program of Information 
for Prospective College Students.”’ Ameri- 
can Mathematical Monthly, 1949, 56: 90-91. 

Rood, J. L. ‘Mathematics in the Undergraduate 
Curriculum.” American Journal of Physics, 
1952, 20: 50-51. 

Sturm, Harold E. ‘Development of a Junior 
College Mathematics Program for Non-sci- 
ence, Non-mathematics Majors.’’ School 
Science and Mathematics, 1950, 50: 437-41. 

Urner, 8. “Unified Freshman Mathematics.” 
Mathematics Magazine, 1951, 25: 29-35. 

Wren, F. Lynwood. “The Merits and Content of 
a Freshman Mathematics Course.” School 
Science and Mathematics, 1952, 52: 595-603. 

Zant, James H. ‘‘A Course in Freshman Mathe- 
American Mathematical Monthly, 
1941, 48: 246-50. 

Zant, James H. “General Mathematics for Col- 
lege Students.’ Bulletin, Kansas Associa- 
tion of Teachers of Mathematics, 1941, 15: 
57-60. 

Zant, James H. “General Mathematics at the 
College Level.’ School Science and Mathe- 
matics, 1950, 50: 577-79. 


3. METHODOLOGY AND TECHNIQUES 


Arnold, W. C. “How to Study.”’ American Math- 
ematical Monthly, 1940, 47: 740-47. 

Ballard, Ruth. “Notes from a Freshman Class- 
room.” National Mathematics Magazine, 
1944, 19: 91-92. 

Ballard, Ruth. ‘‘Teaching of Mathematies at the 
Junior College Level.” School Science and 
Mathematics, 1941, 41: 482-86. 

Beaman, Elizabeth. “Better Teaching of Mathe- 
matics.”’ MATHEMATICS TEACHER, 1945, 38: 
170-71. 

Berger, Margaret. ‘Provisions for Meeting the 
Needs of the Poorly Prepared Student in 
Algebra.” MarHeMatics TEeAcHER, 1950, 
53: 107-11. 

Bowie, Harold. ‘Variety of Mathematical Expe- 
riences.” (in college algebra). Mathematics 


Magazine, 1949, 23: 39-44. 
Danieley, J. E. “Individual Instruction in Col- 


lege Algebra.” Maruematics TEACHER, 
1948, 41: 323-25. 

Doyle, Wm. ‘‘A New Approach to College Math- 
ematics.””’ MatrHematics TEACHER, 1945, 
38: 222-24. 

Evans, H. P. ‘‘Mathematics Textbooks for the 
Introductory College Courses.’”’ American 
Mathematical Monthly, 1944, 51: 12-18. 

Hartung, M. L. “Teaching of Mathematics in 
Senior High School and Junior College.” 
Review of Educational Research, 1942, 12: 
425-34. 

Hartung, M. L. “Teaching of Mathematics in 
High School and Junior College.” Review of 
Educational Research, 1945, 15: 310-20. 

Helsel, R. G., and Rado, T. ‘Can We Teach 
Good Mathematics to Undergraduates?” 
American Mathematical Monthly, 1948, 55: 
28-29. 

Johnson, Charles A. ‘‘A Reflective Approach in 
the Teaching of Mathematics.” Mathemat- 
ics Magazine, 1952, 26: 35-38. 

Jones, Phillip 8. ‘‘The Teaching of Collegiate 
Mathematies.”” School Science and Mathe- 
matics, 1952, 52: 523-27. 

Knebelman, M. 8S. “The Teaching of College 
Mathematics Today.’ American Mathe- 
matical Monthly, 1947, 54: 323-26. 

Litzinger, Marie. ‘Real Numbers for Fresh- 
men.” Mathematics Magazine, 1949, 22: 
263-65. 

Mac Duffee, C. C. ‘Education Fitted to the Ca- 
pacity of the Student.” Bulletin, Kansas 
Association of Teachers of Mathematics, 
1945, 20: 21-25. 

Mayor, J. R. ‘Relational Thinking as a Criter- 
ion for Success in College Mathematics.” 
MaTuHeMATics TEACHER, 1945, 38: 64-69. 

Miller, G. A. ‘Mathematics in a Nut-shell; Ob- 
jection to Brief Textbooks.’ Science, July 
14, 1944, 100: 31. 

Montague, Harriet. ‘““Tutorial Work in Mathe- 
matics at the University of Buffalo.” 
Mathematics Magazine, 1951, 24: 207-08. 

O'Toole, A. L. “Insights or Trick Methods?” 
National Mathematics Magazine, 1940, 15: 
35-38. 

Read, Cecil. “Random Jottings from an Instruc- 
tor’s Notebook.’ National Mathematics 
Magazine, 1944, 18: 205-11. 

Read, Cecil. ‘The Teaching of Collegiate Math- 
ematics.”’ School Science and Mathematics, 
1952, 52: 47-49. 

Richardson, M. ‘‘Fundamentals in the Teaching 
of Undergraduate Mathematics.”’ American 
Mathematical Monthly, 1951, 58: 182-86. 

Richardson, M. “On the Teaching of Elemen- 
tary Mathematies.’’ American Mathemati- 
cal Monthly, 1942, 49: 498-505. 

Richardson, M. “On the Teaching of Elemen- 
tary Mathematics.” Bulletin, Kansas Asso- 
ciation of Teachers of Mathematics, 1943, 17: 
35-39. 

Stark, Marion. “Methods of Mathematical 
Proof for Undergraduates. National Math- 
ematics Magazine, 1942, 16: 350-51. 


in 
n- 
3: 
in 
t- 
9: 
ce 
- 
8, 
al 
ul 
f 


272 THE MATHEMATICS TEACHER {April 


Sullivan, Sister Helen. “A Seminar Plan in 
Mathematics.”” National Mathematics Mag- 
azine, 1943, 17: 160-73. 

Sutton, R. M. ‘“‘Four Useful Blackboard Aids.” 
American Mathematical Monthly, 1947, 54: 
276-—S0. 

Whitman, E. A. “The Film: ‘A Triple Integral’.”” 
American Mathematical Monthly, 1942, 49: 
399-400. 

Wiley, Forbes. “Teaching Mathematies in Col- 
lege.” The Pentagon, 1949, 9: 3-10. 


4. Fartures; REMEDIAL 
TEACHING 

Bledsoe, J. M. ‘‘Failures in College Freshman 
Mathematics.”’ Texas Outlook, 1940, 24: 18— 
20. 

Boyd, E. N. ‘Diagnostic Study of Students’ 
Difficulties in General Mathematics in 
First Year College Work.” Teachers College 
Record, 1941, 42: 344-45. 

Crawford, J. N. ‘““Why Johnnie Failed College 
Mathematics.”’ Outlook, 1948, 32: 28- 
29. 

CGuiler, W. 8. “Computational Weaknesses of 
College Freshmen.”’ Journal, American As- 
sociation of Collegiate Registrars, 1945, 20: 
367-82. 

Guiler, W. 8. ‘Difficulties Encountered by Col- 
lege Freshmen in Decimals.” Journal of 
Educational Research, 1946, 40: 1-13. 

Guiler, W. 8. “Difficulties Encountered by Col- 
lege Freshmen in Fractions.” Journal of 
Educational Research, 1945, 39: 102-15. 

Guiler, W. S. “Difficulties Encountered in Per- 
centage by College Freshmen.”’ Journal of 
Educational Research, 1946, 40: 81—95. 

Habel, bk. A. “An Experiment in the Diagnosis 
and Remedy of Errors of College Freshmen 
in Arithmetic and Radicals.”’ School Science 
and Mathematics, 1951, 51: 105-18. 

Habel, A. ‘Deficiencies of College Freshmen 
in Arithmetic: Diagnosis and Remedy.” 
School Science and Mathematics, 1950, 50: 
480-84. 

Keller, M. W. and Shreve, D. R. ‘Abilities of 
University Students in Freshmen Mathe- 
maties.”’ School Science and Mathematics, 
1942, 42: 38-46. 

Mohr, J. Paul. “Arithmetic Disabilities of Jun- 
ior College Students.”’ Journal, American 
Association of Collegiate Registrars, 1943, 
18: 274-80. 

Ogilvy, C. 8. ‘Mathematical Vocabulary of Be- 
ginning Freshmen.’ American Mathemati- 
cal Monthly, 1949, 56: 261-62. 

O'Toole, A. ‘Remedial Reading in College 
Mathematies.”” National Mathematics Mag- 
azine, 1940, 14: 329-44. 

Wolfe, Jack. ““Experimental Study in Remedial 
Teaching in College Freshman Mathemat- 
ies.” Journal of Experimental Education, 
1941, 10: 33-37. 

Wolfe, Jack. ‘“Mathematical Skills of College 
Freshmen in Topics Prerequisite to Trigo- 
nometry.”” Matuematics TEACHER, 1941, 
34: 164-70. 


5. EVALUATION; PROGNOSIS AND 
PLACEMENT 


Fredericksen, Norman. “Predicting Mathemat- 
ics Grades of Veteran and Non-veteran 
Students.’’ Educational and Psychological 
Measurement, 1949, 20: 73-87. 

Hassler, J. O. ““A Method of Measuring Effec- 
tiveness in Teaching College Mathemat- 
ies.”” National Mathematics Magazine, 1944, 
19: 73-77. 

Held, O. C. ‘A College Mathematics Placement 
Test.”” Journal of Higher Education, 1942, 
13: 39-40. 

Keller, M. W. and Jonah, H. F. 8. ‘ Measures 
for Predicting Success in a First Course in 
College Mathematies.”” Maruematics 
Teacuer, 1948, 41: 350-55. 

Keller, M. W., Shreve, D. R., and Remmers, 
H. H. “Diagnostic Testing Program in Pur- 
due University.’’ American Mathematical 
Monthly, 1940-41, 47: 544-58; 48: 39-41; 
MatTHEMATICS TEACHER, 1940, 33: 321-24; 
1942, 35: 8-14. American Mathematical 
Monthly, 1943, 50: 85-90. 

Kossack, C. F. ““Mathematics Placement at the 
University of Oregon.”’ American Mathe- 
matical Monthly, 1942, 49: 234-37. 

Krathwohl, W. C. “Constructing a Mathemat- 
ics Achievement Test.” Journal of Engi- 
neering Education, 1949, 40: 178-86. 

Krathwohl, W. C. “Effects of Industrious and 
Indolent Work Habits on Grade Predic- 
tions in College Mathematics.” Journal of 
Educational Research, 1949, 43: 32-40. 

Marshall, M. V. ‘‘Another Study of Prognosis in 
College Algebra.”” MatrHematics TEACHER, 
1943, 36: 322. 

Orleans, J. 8. ‘Prerequisite Algebra Knowledge 


Possessed by Students of College Algebra.” 
Teachers College Journal, 1947, 19: 58-59, 
70-71. 


Ralya, L. L. ‘A Study of Achievement by En- 
tering College Freshmen with Reference to 
Specific Elements of Knowledge in Geome- 
try.’’ School Science and Mathematics, 1942, 
42: 14-16. 

Reid, W. T. ‘Activities of the Committee on 
Examinations.’”’ American Mathematical 
Monthly, 1945, 52: 173-76. 

Robertson, Fred. “Some Phases of the Mathe- 
matics Testing Program at Iowa State Col- 
lege.” Maruematics TEACHER, 1943, 36: 


296-302. 
Seott, W. M. and Gill, J. P. “A Prediction of 
Pupil Success in College Algebra.”” Matue- 


MATICS TEACHER, 1941, 34: 357-59. 

Sueltz, Ben. ‘‘Mathematical Understandings 
and Judgments Retained by College Fresh- 
men.”’ MarHEeMATICS TEACHER, 1951, 44: 
13-19. 

Stright, I. L. ‘Measurement of Success in 
College Mathematics.”” 
TEACHER, 1945, 38: 302-05. 

Trimble, H. C. and Babeock, L. E. “Experience 
in Evaluation.”” Junior College Journal 
1950, 20: 403-11. 


] 
( 
( 
| 
‘ 
] 
4} 
= 
re 
| 
| 
| 


ril 


in 


1953] REFERENCES FOR MATHEMATICS TEACHERS 273 


6. MISCELLANEOUS 


Bergen, M. C. ‘‘Engineering Students vs. Other 
Students in Freshman College Mathemat- 
ics.” MaTHEMATICS TEACHER, 1943, 36: 
159-63. 

Brink, R. W. “College Mathematics During 
Reconstruction.’’ American Mathematical 
Monthly, 1944, 51: 61-64. 

Chapman, 8. ‘University Training of Mathe- 
maticians.’’ Wathematical Gazette, 1946, 30: 
61-70. 

Curtiss, D. R. “The Professional Interests of 
Mathematical Instructors in Junior Col- 
leges.””, American Mathematical Monthly, 
1941, 48: 224-28. 

Georges, Joel. “Training Teachers of Junior 
College for Relational Thinking.”” Marue- 
MATICS TEACHER, 1941, 34: 3-7. 


Hurd, C. C. “College Mathematics Credit and 
Vocational Advice for the Veteran.’’ A meri- 
can Mathematical Monthly, 1946, 53: 113- 
20. 

Kline, J. R. ‘Rehabilitation of Graduate 
Work.”” American Mathematical Monthly, 
1946, 53: 121-31. 

Klooster, H. J. ‘Veterans in Mathematics 
Classes at the University of Colorado.” 
Bulletin, Kansas Association of Teachers of 
Mathematics, 1947, 21: 51-53. 

Kormes, J. P. ‘“‘Coordination of Mathematics 
and Science through Student Activities.” 
National Mathematics Magazine, 1945, 20: 
86-90. 

Moulton, E. J. ‘A Selected List of Mathematics 
Books for Colleges.’’ American Mathemati- 
cal Monthly, 1941, 48: 600-09. 


Miscellanea 
(Continued from page 269) 

Finally, let the given triangle be 
5-12-13, so that a=12, b=5, c=13, 
}(c—b) =4. Take J = 10°. After removal of 
the common factor 4 


a’ =3,000,003,000,000:; 
b’ = 1,249,997,999,999; 
c’ = 3,250,002,000,001. 


ADRIAN STRUYK, 
Clifton High School, 
Clifton, N. J. 


81. Correcting a Big Error 


We did not deliberately make the error 
noted below, but we are pleased to find 
that Wiscellanea has been read with 


thoughtful care by at least one person. 
P. 8. J. 


1426 Twenty-First St., N.W. 
WasHINGTON 6, D.C. 
January 8, 1953 


Phillip 8. Jones 
University of Michigan 
Ann Arbor, Michigan 


Sir: 

On page 529 in the Nov. 1952 issue of Tue 
MatHEMATICS TEACHER, it is stated: “The Sci- 
entific American calculated that it would take 
1,809,250 K 108 columns of its magazine to 
print Miller and Wheeler’s largest prime in their 
standard size type.”’ This is an absurd misinter- 
pretation of the statement made in the Scientific 
American which actually reads: “To print char- 


acters of this type size in the number represented 
by Miller and Wheeler’s largest prime would take 
approximately 1,809,250 x 108 columns of Sci- 
entific American.” A careful reading of Scientific 
American’s statement indicates that the termi- 
nology ‘‘in the number represented” is meant to 
be synonymously equivalent to “in the quantity 
represented.’”’ With this in mind it becomes ap- 
parent that the statement in THe MATHEMATICS 
TreACHER is absurd. Actually, to print Miller 
and Wheeler’s largest prime in the Scientific 
American correct to the last digit in the decimal 
system would only take up two lines of space. 

It may be of interest to indicate the basis of 
the computation made by Scientific American: 
Miller and Wheeler’s largest prime is actually 
equal to 

72 X40 X 1,809,250 X 10® (approximately) 
and there are approximately 72 lines to a column 
and 40 characters to a line in Scientific American. 

I hope that you will be good enough to point 
out the error made in THE MatTHemMaATIcs 
TEACHER in a future issue. 

Very truly yours, 
H. Brown 


Perhaps here is the place to risk another 
quotation, this time from Mathematical 
Tables and Other Aids to Computation, vol. 
VI (Oct., 1952), p. 256. This note in re- 
ferring to (2"8+1)/17=2098, 89366, 
57440, 58648, 61512, 64256, 61022, 25938, 
63921, which was revealed as a prime in a 
letter by A. Ferrier dated July 14, 1951, 
says that this is “probably the last ‘larg- 
est’ prime to be identified by hand com- 
puting methods (primes like 2!7%—/ 
would require more than a century of desk 
calculator work to establish by any known 
method)... 
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DEVICES FOR A MATHEMATICS LABORATORY 


Anyone who has a learning aid which he 
would like to share with fellow teachers is in- 
vited to send this department a description and 
drawing for publication. Or if that seems too 
time-consuming, simply pack up the device and 
mail it. We will be glad to originate the neces- 
sary drawings and write an appropriate descrip- 
tion. All devices submitted will be returned as 
soon as possible. Send all communications to 
Emil J. Berger, Monroe High School, St. Paul, 
Minnesota. 


PROBABILITY BOARDS* 


Somewhere in their educational experi- 
ences high school students attain a sophis- 
ticated glibness about the normal distri- 
bution curve—usually before they meet it 
mathematically. They handle topics like 
“the law of averages” and “the curve” 
conversationally in a manner that be- 
speaks authority. Unfortunately this pro- 
fessed familiarity is seldom based on 
knowledge. However, the fragmentary 
information they do happen to possess can 
be used to advantage in motivating the 
development of a slightly more respectable 
attitude toward those topics in probabil- 
ity that can be handled by them. 

One way of explaining the meaning of a 
normal distribution to high school stu- 
dents might be to have them record the 
weights of one hundred junior boys and 
prepare an appropriate histogram. As 
another suggestion they might be asked to 
record the heights of five hundred stalks 
of corn selected at random, or to make 
successive measurements of the length of 
a classroom with the same tape. By com- 
pleting histograms as before and drawing 
smooth curves through the midpoints of 
the upper bases of the rectangular ele- 

*ACKNOWLEDGEMENT. The department edi- 
tor wishes to express his gratitude to Professor 
Franklin Smith of St. Thomas College for the 
advice and timely assistance received from him 
in the preparation of this article. 


Edited by Emit J. BERGER 
Monroe High School, St. Paul, Minnesota 


ments of these histograms, the students 
undertaking these activities should de- 
velop a sensible appreciation of what the 
normal distribution curve really means. 
The equation of this curve (more properly 
called the error curve, and also referred 
to as the probability curve) is 


y A br’ 


where A and b are constants that can be 
determined from observable data.! This 
relation can actually be established math- 
ematically, but the development is not 
elementary.’ 

By using a device known as Galton’s 
Probability Board it is also possible to 
produce an approximation to the normal 
distribution curve mechanically. A device 
of this kind is illustrated by Kraitchik in 
his book Mathematical Recreations.’ Figure 
1 illustrates the essential features of a 
similar but somewhat more simplified de- 
vice and indicates appropriate dimensions 
to use in construction. 

The device consists essentially of a 
reservoir for holding shot, a network of 
brads, and a row of narrow compartments. 
To operate the device one must place a 
quantity of shot in the reservoir (at the 
top) and tilt the board in such a way that 
the shot rolls through the network of 
brads into the compartments along the 
lower edge. The tops of the piles of shot 
that end up in the compartments ap- 
proximate the form of a normal curve. 

To build the device procure a piece of 

! For a discussion of this faet see Lancelot 
Hogben, Mathematics for the Million (New York: 
W. W. Norton & Company, Ine., 1943), pp. 
607-13. 

2 Op. cit., pp. 650-51. 

Maurice Kraitchik, Mathematical Recrea- 
tions (New York: W. W. Norton & Company, 
Inc., 1942), pp. 122-23. 
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2” plywood 123”X18}". All other parts 
are to be mounted on top of this sheet of 
plywood including the molding along the 
outer edges (Fig. 2). The cross section 
dimensions of the molding should be 
2” 2”. 

The two trapezoidal shaped figures that 
form the reservoir must be 3” thick and 
should be cut in accordance with the di- 
mensions and angular messurements that 
appear in the diagram. Fasten both pieces 
to the plywood sheet so that their upper- 
most points are 1” from the inside edge of 
the molding at the top. 

The eight narrow strips (3” wide or less) 
that form the compartments at the bot- 
tom of the device must also be 2” thick; 
that is, they must have the same thickness 
as the trapezoidal pieces. Note that the 
upper ends are to be bevelled. Fasten the 
strips to the plywood with screws or nails. 

The network of brads appearing in the 
middle section of the diagram may be 
planned either as a configuration of 
rhombi or squares. The diagram shows the 
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network arranged in a pattern of adjacent 
squares. Lines used in locating the brads 
have been dotted in to assist the builder 
with the method proposed. Note that 
there are exactly eight brads in the lowest 
row (A B)—as many as there are compart- 
ment dividers. The length of AB is 82”. 
With AB for the base complete an isos- 
celes right triangle which will have its 
vertex at C. Point C should be directly 
below the opening in the reservoir. Draw 
in the parallel lines as they appear in the 
diagram and drive 3” brads down to 
within 3” of the board at all points in- 
dicated. 

Suitable shot to use with the device is 
“steel air rifle shot.’”” About 12 ounces are 
needed. 


SV 
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As an added feature a sheet of }? 
plastic may be fitted over the top of the 
device inside the framework of the mold- 
ing. The exact size of this sheet should be 
103” X172". By drilling holes through it 
at points P, R, S, and 7, the sheet may be 
fastened down and the device operated 
(and the shot returned to the reservoir) 
without spilling any of the shot. Glass 
may be substituted for the plastic sheet, 
but it is rather difficult to fasten and 
breaks rather easily. 

The operation of the device was de- 
scribed above, but no hint was given as 
to the reasons why the shot arranges itself 
in the compartments in a form suggestinga 
normal distribution. Intuitively this seems 
like the logical thing to expect, but there is 
also a mathematical explanation, and 
fortunately one which high school stu- 
dents can understand—at least to a de- 
gree. However, the department editor has 
learned from experience that this explana- 
tion succeeds far better with the aid of a 
second device even though both devices 
work the same way and are based on the 
same principles. So before attempting the 
explanation let us consider a second 
“probability board.” 


The idea for this device came originally 
from the book, Mathematical Snapshots, 
by H. Steinhaus, but the dimensions and 
construction plans suggested here are 
based on a device produced by a student 
in the department editor’s class.* 

The main difference between the two 
devices is that in this second device the 
network of brads is replaced by a network 
of regular hexagonal ceramic bathroom 
tiles which measure 1” between opposite 
sides and are }” thick. In all, fifty-four 
pieces are needed to produce the network 
of tiles and alleys. Because the boy who 
produced this device had considerable 
difficulty locating a source of supply for 
the tiles we include here the name of one 
supplier (without prejudice to others) who 
has agreed to fill mail orders. Simply 
write to Mr. J. E. Wallner, Drake Marble 
Company, 60 Plato Street, St. Paul, 
Minnesota; ask for fifty-four 1” white 
hexagon ceramic tiles; enclose $1.00, and 
you'll get the tiles. 

Except that this device is larger, its 
construction features are similar to those 
of the device illustrated in Figure 1. The 
plywood sheet for the base has the dimen- 
sions 152”X27". It should be cut from 
material that is at least }” thick in order to 
avoid the possibility of having it sag. Also, 
check to see that the sheet selected is not 
warped in any way. Both sag and warp 
will skew the curve that forms when the 
device is operated. Frame up the edges as 
before by nailing {”X{}"” molding on top 
of the plywood sheet. 

Laying out the network of tiles and 
alleys is not difficult but the work must 
be accurate; off-setting even one tile will 
also tend to skew the curve. Each in- 
dividual tile must be oriented so that an 
axis of symmetry through a pair of op- 
posite vertices is parallel to the long edges 
of the board. Begin by lining up the bot- 
tom row of tiles on a line 7” from the 
bottom molding in such a way that there 


will be 3” between adjacent tiles and be- 


‘H. Steinhaus, Mathematical Snapshots 
(New York: Oxford University Press, 1950), pp. 
242-49. 
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tween the end pieces and the side molding. 
Ten pieces are needed for this first row. 
The 3” distance between tiles specified 
above must be observed throughout the 
entire pattern—that is, between all paral- 
lel sides that are next to each other. When 
the correct positions of all 54 tiles have 
been determined glue them down to the 
plywood with wood glue. 

The strips that form the compartment 
dividers at the bottom of the device 
should be 2?” thick and also about that 
wide; their lengths for this device must 
be 7”. The thickness of the strips forming 
the reservoir should also be about §”; no 
dimension can be stated for their lengths. 
The builder will have to determine this 
measurement for himself after the tiles 
have been put in place. 

To operate the device use about one 
pound of shot similar to the type recom- 
mended for the first device—steel air rifle 
shot. There is really no good way of re- 
turning the shot to the reservoir for suc- 
cessive trials except by dumping it in a 
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box and transferring it back manually. A 
sheet of plastic fastened over the top of 
the molding will work, but this is 
expensive. 

Now why does this device (as well as 
the previous one) produce the normal dis- 
tribution curve? Let us tally the choices 
which one ball of shot starting from the 
reservoir must make to get into the dif- 
ferent vertical alleys and eventually into 


the different compartments. It has only _ 


one (1) way of passing through alley 
A-B. Following this it can roll either 
through C-L or D-E. Thus there are two 
(1+1) possibilities of getting through the 
second row. Suppose it rolls through C-D; 
then it can roll either into F-G or G-H. 
But suppose it rolls through D-E; then it 
can roll through G-H as before, or through 
H-I. Thus there are four (1+2+1) dif- 
ferent routes by which the shot can get 
into the alleys of the third row of tiles— 
one way of getting into F-G, two ways of 
getting into G-H, and one way of getting 
into H-I. How many ways are there of 
getting into K-L? The shot can get there 
by continuing from both of the two dif- 
ferent paths by which it got into G-H or 
by approaching from F-G; in other words, 
there are three ways. Similarly, there are 
three ways of getting into L-M; and of 
course there is only one way of getting 
into either J-K or M-N. Thus the paths 
through the alleys of the fourth row of 
tiles may arise in eight (1+3+3+1) dif- 
ferent ways; and theoretically } of all the 
shot starting from the reservoir will pass 
through J-K, 3 of it through K-L, 3 
through L-M, and } through M-N. Each 
fraction is the probability that a single 
ball of shot will pass through the particu- 
lar alley with which it is written. Note 
that their sum is unity; or what is the 
same thing, that the probability that a 
single ball of shot will pass through the 
fourth row of alleys is certain. 

Check back now and look at the num- 
bers that have been written in parentheses. 
The reader will find that they are re- 
spectively the sums of the first four rows 
of Pascal’s triangle. Suppose now that all 


the shot used with the device (one pound) 
is released from the reservoir through 
A-B. The heights of the piles that end up 
in the nine central compartments should 
be in proportion with the nine numbers of 
the ninth row of Pascal’s triangle (1, 8, 28, 
56, 70, 56, 28, 8, 1) taken in order. The 
reasoning to be applied is the same as the 
argument used in the case of the fourth 
row. Actually, the device has eleven com- 
partments, but theoretically none of the 
shot should end up in the two outside sec- 
tions. The reader may verify this for him- 
self. Such small amounts as do enter the 
two outside sections are probably the 
result of forcing (running the shot too fast) 
or structural defects. 

Continuing one step farther it can also 
be stated that the heights of the piles of 
shot will be in proportion with the co- 
efficients of the binomial expansion 
(R+L)*, where R is the probability that 
a ball of shot will turn right at a junction 
and L that it will turn left. Since R=L =}, 
it can be shown that the value of the rth 
term of this expansion is equal to the 
probability that a ball of shot will end up 
in the rth one of the nine central compart- 
ments. If the probabilities for the separate 
compartments are found as before, their 
sum will of course be unity. 

As a matter of clarification let us con- 
sider a board with only three rows of tiles. 
The bottom row will have three alleys 
leading to three separate compartments. 
A ball of shot that turns right 2 times out 
of 2 will end up in the compartment on 
the right. A ball that turns left 2 times out 
of 2 will end up in the compartment on the 
left. And a ball that turns right only once 
upon entering 2 junctions will end up in 
the center compartment. The probabili- 
ties for the three separate events are re- 
spectively 3, 3, and }. But these values 
are precisely the values of the terms of the 
expansion: 


(R+L)?*=R?+2RL4+ 17 
which equals unity as expected. 
(Continued on page 285) 


Henry W. SYER 


Boston University 
Boston, Massachusetts 


BOOKLETS 


B.1386—-A_ Bibliography of Curriculum 
Materials 


Audio-Visual Materials Consultation 
Bureau, Wayne University, 5451 Cass, 
Detroit 2, Michigan. 


Booklet ; 83” by 11”; 63 pages; $1.25. 


Description: This mimeographed bulle- 
tin prepared by a curriculum materials 
committee lists a variety of materials for 
the use of educators working on curricu- 
lum problems. The book list includes 
books on general curriculum development 
as well as books in the fields of arithmetic, 
language arts, science, art, music, health 
and physical education, mechanics of 
teaching, audio-visual education, and 
mental hygiene. The bibliography also 
lists pamphlets, teacher training films, 
curriculum guides and bulletins available 
at Wayne University. The sources of free 
and inexpensive materials are listed with 
descriptions of the materials and suggested 
uses, 

Appraisal: This bulletin will be most 
useful in locating materials for the ele- 
mentary teacher, or the curriculum spe- 
cialists. The listing is incomplete and in- 
adequate, at least in the field of arithmetic. 


B. 137-——Junior High School Mathematics 


Iowa State Department of Public Instruc- 
tion, Des Moines, Iowa. 


Booklet ; 53”by 83”; 115 pages; 1950; $.45 
($.40, 10 or more) 


Description: This booklet is a curricu- 
lum guide prepared by a curriculum com- 


School of Education and 


Edited by 


Donovan A. JOHNSON 
College of Education 
University of Minnesota 
Minneapolis, Minnesota 


mittee of mathematics teachers outlining 
the mathematics program for lowa junior 
high schools. The committee recommends 
a single track, general in nature, for grades 
seven, eight, and nine. This program was 
adopted to provide functional competence 
in mathematics to the degree possible for 
each pupil and to reduce or eliminate the 
stigma attached to the general course. The 
content for each grade is organized 
around 3 or 4 important unifying princi- 
ples such as using measurement and com- 
paring quantities. Each of these units gives 
an introduction, objectives, content and 
suggested procedures, and evaluations of 
learning. The appendix includes a bibli- 
ography of books, magazines, audio-visual 
materials and textbook references. 

Appraisal: This guide will be useful in 
suggesting the organization of mathe- 
matics around major topics such as com- 
paring quantities. These unifying topics 
are also presented at different levels of 
difficulty so that there is continuity of 
treatment as well as the possibility of pre- 
sentation according to the maturity of the 
student. 


B. 188—Senior High School Mathematics 


Iowa State Department of Public In- 
struction, Des Moines, Iowa. 


Booklet ; 53” X83"; 138 pages; 1949; $.45 
($.40, 10 or more) 


Description: This bulletin prepared by 
a committee of mathematics teachers out- 
lines a mathematics program for lowa 
senior high schools. The committee recom- 
mends intermediate algebra for grade ten, 
a combined course in plane and _ solid 
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geometry for grade eleven, and two courses 
for grade twelve. The sequential program 
for the senior year covers fourth semester 
algebra and trigonometry while the second 
track course is consumer mathematics. 
Each course outline includes aims, con- 
tent, suggested teaching procedures and 
pupil activities, evaluation of the unit, 
textbook references, and supplementary 
references. The appendix includes a bibli- 
ography of books, magazines, and audio- 
visual aids. 

Appraisal: This guide will furnish the 
mathematics teacher many tips on the or- 
ganization, materials, and teaching tech- 
niques appropriate for the topics of senior 
high school mathematics. 


B. 139—Functional Mathematics the 
Secondary Schools 


State Department of Education, Atten- 
tion: Division of Publications and Text- 
books Services, Tallahassee, Florida. 


Booklet; 83” by 11”; 117 pages; 1950; 
$1.00. 

Description: This bulletin outlines a 
mathematics program for grades seven 
through twelve for the secondary schools 
of Florida. It was prepared by a committee 
of mathematics teachers working with 
consultants and curriculum specialists 
during two six-week workships in the 
summers of 1948 and 1949. This cur- 
riculum guide calls for a dual track pro- 
gram for grades nine, ten, eleven, and 
twelve. It outlines a sequence of fune- 
tional mathematics courses to parallel the 
traditional sequence of algebra, geometry, 
and trigonometry. These functional courses 
are built for above-average pupils as well 
as all others and are organized around 61 
basic mathematics concepts. Following a 
grade placement chart, the course for 
each grade outlines content, teaching sug- 
gestions and references. 

Appraisal: This bulletin is the first cur- 
riculum guide which outlines a complete 
dual track for grades nine through twelve. 
Its detailed outline of content, activities, 


and references will make it possible for 
secondary teachers to present these 
courses even though no textbooks follow- 
ing this pattern are now available. It is 
significant that it suggests that this pro- 
gram may be the most effective mathe- 
matics program for all secondary pupils 
regardless of ability. As a curriculum guide 
it limits its discussion to specific courses 
and thus does not treat general topics such 
as evaluation, drill, motivation, laboratory 
activities which are sometimes included in 
other guides. 


B. 140—Course of Study in Mathematics 
for Secondary Schools 


Commonwealth of Pennsylvania Depart- 
ment of Public Instruction, Education 
Building, Box 911, Harrisburg, Pennsyl- 
vania. 


Booklet ; 6” by 9”; 295 pages; 1952; $1.25. 
(Do not send cash.) 


Description: This comprehensive cur- 
riculum report was written by an exten- 
sive committee of teachers and specialists. 
It outlines a basic mathematics program 
for grades seven through twelve and a 
specialized mathematics program for 
grades nine through twelve. The course 
for each grade is outlined briefly with sug- 
gested topics, activities, materials, and il- 
lustrative units. These units include objec- 
tives, learning activities, materials such as 
films and pamphlets, unit tests, and bibli- 
ographies of sources of material and in- 
formation. In addition to course outlines, 
this guide includes discussions on evalua- 
tion, objectives, integration of mathe- 
matics with other subject areas, provision 
for individual differences, methods of 
teaching, and the use of units and com- 
munity resources. 

Appraisal: This curriculum bulletin will 
provide the secondary mathematics teach- 
er with a wealth of specific suggestions for 
units, projects and materials. Its out- 
standing feature is the many suggestions 
for a variety of ways to evaluate pupil 
progress. These suggestions include spe- 


cific tests of performance, attitude, and 
personal development. Check sheets are 
also given for the teacher to evaluate the 
entire mathematics program including her 
own instruction. Since it is a collection of 
the ideas, practices and writing of a vari- 
ety of teachers its presentation lacks uni- 
formity. However, the teacher will usually 
prefer a practical treatment lacking unity 
over a smoothly-written, well-organized 
theoretical treatment. 


B. 141—-Timekeeping Through the Ages 
(LC 600) 


U.S. Department of Commerce, National 
Bureau of Standards, Washington, D. C. 


Pamphlet ; mimeographed ; 4 pages; free. 

Description: This article is written 
specifically for school children. Its purpose 
is to aid school children in obtaining a 
clearer understanding of the different 
time pieces used in the world down 
through the ages. It describes briefly the 
use of the sundial, hourglass, sunglass, 
clepsvdra, candles, and clocks to measure 
time. 

Appraisal: A brief, matter-of-fact treat- 
ment written in language that a junior 
high school pupil can easily read. 


B. 142—Units and Systems of Weights and 
Measures (LC 957) 


U.S. Department of Commerce, National 
Bureau of Standards, Washington, D. C. 


Pamphlet; mimeographed; 12 pages; free. 

Description: This article confines its dis- 
cussion of measurement to the measure- 
ment of length, mass and capacity. It 
begins by giving a brief history of units of 
measurement and measuring instruments. 
It discusses the units of the metric system 
but does not take sides in the controversy 
over the adoption of this system. The 
comparison of British and U.S. units 
shows considerable variance in the size of 
units having the same name. Subdivisions 
of units and arithmetical systems of 
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numbers are related to the problem of 
units of measurement. 

Appraisal: This article will furnish 
material to supplement a unit on approxi- 
mate numbers or on measurement. It is 
not written in the language of the ele- 
mentary school pupil but its conciseness 
should make it readable for high school 
students. 


B. 143—Aviation Education Sources 


U. S. Department of Commerce, Civil 
Aeronautics Administration, Aviation Ed- 
ucation Division; Washington, D. C. 


Booklet; 8” X10"; 19 pages; free. 

Description: The purpose of this bulletin 
is to provide teachers with a comprehen- 
sive list of sources for free and inexpensive 
booklets, pictures, and informational ma- 
terial on aviation. The list includes air- 
lines, aircraft manufacturers, organizations 
interested in promoting aviation and gov- 
ernmental bureaus. By means of a subject 
index and annotations, the general nature 
of the contribution of each organization 
has been indicated. 

Appraisal: This bulletin will furnish an 
up-to-date listing of materials in the field 
of aviation material. The annotations will 
facilitate the selection of useful materials. 


B. 144—Machining Alcoa Aluminum 


Aluminum Company of America, Alcoa 
Building, Pittsburgh 19, Pa. 


Booklet ; 72 pages; free. 


Description: This booklet presents in- 
formation for tool designers and machin- 
ists so that proper tools, proper cutting 
speeds and feeds, and proper practice will 
be used for machining aluminum. In the 
discussion of tool shapes and uses, photo- 
graphs, drawings, and tables of data are 
included that illustrate applications of 
mathematics. 

Appraisal: This is a handsome book- 
let with high quality paper, spiral bind- 
ing and photographic illustrations. The 
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amount of mathematical content is limited 
but will have some use in a shop mathe- 
matics course or geometry. Only six pages 
are devoted to advertising, the text being 
written without reference to the products 
of the publisher. 


B. 145—The Day of Two Noons 


Association of American Railroads, Trans- 
portation Building, Washington 6, D. C. 


Booklet; 6” X9"; 14 pages; free. 


Description: This booklet by Carlton J. 
Corliss tells the story of the adoption of 
Standard Time by the railroads. Prior to 
1883 each community operated on the 
basis of true local or sun time. This varia- 
tion in time from town to town was a 
source of considerable confusion particu- 
larly to the railroads whose efficient opera- 
tion depends on accurate uniform time. In 
a large city such as Pittsburgh there were 
six different time standards in use to re- 
cord the arrival and departure of trains. 
On November 18, 1883 at 12 noon, the 
railroads put into effect standard time 
according to five time zones. Although 
some people objected to reckoning time 
“contrary to nature,” it soon became the 
time of the land. The day standard time 
went into effect was called “the day of two 
noons”’ because the eastern parts of each 
time zone had a noon based on local time 
and several minutes later there was 
another noon when their clocks were set 
back to standard time. On this day many 
unusual events and much discussion oc- 
curred as a result of the change in time. 

Appraisal: This is a well written booklet 
with little advertising. It will be suitable 
supplementary reading for junior high 
school classes studying a unit on time. 


CHARTS 
C. 42—Table of Decimal Equivalents 


The L. 8S. Starrett Company, Athol, 


Massachusetts. 
Chart; B&W; 22” X36”; $.35 prepaid. 
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Description: The chart is divided ver- 
tically into three columns. The left and 
right columns contain exact decimal 
equivalents for all fractions from 1/64 to 
1 in 64ths. The center column has pic- 
tures of four Starrett tools. The top and 
bottom are bound with metal. 

Appraisal: This is a large and clear 
chart of decimal equivalents. The amount 
of advertising is not too objectionable. 


EQUIPMENT 


E. 122--The Magic Teacher Puzzle-Plans. 
(Extension of a previous review.) 


Follett Publishing Company, 1257 S. 
Wabash Avenue, Chicago 5, Illinois, or 
381 Fourth Avenue, New York 16, N. Y. 


Puzzles; sets of 5” X8” cards; $1.00 per set 
with discount for quantity orders. 


Description: Five of the seven jig-saw 
puzzle sets now available in this series 
were reviewed previously (see E. 118 in 
this Department for November 1952): 
Sets NA1l and NA2 (Addition), NS1 and 
NS2 (Subtraction), and NRC (Number 
Concepts). The remaining two sets are 
similar in general nature, design and pur- 
pose. A brief description of each follows, 
but the reader is referred to the previous 
review for further deails common to all 
sets. 

Set A3 (Addition) consists of 5 puzzle- 
cards. Four cards, each with 9 randomly 
arranged combinations, cover the 36 
addition facts having sums of 11 through 
18 (which are somewhat erroneously re- 
ferred to in the published directions and 
instructions as “higher decade” combina- 
tions). The fifth card in this set presents 
randomly 21 zero combinations: 
the 19 basie ones involving zero, 

10 0 
and also + 0 and its reverse, +10. 


Set M1 (Multiplication) also consists of 
5 puzzle-cards. The first card includes the 
multiplication facts for 2’s arranged in 
systematic “table” form, beginning with 
1X2=2 and ending with 12X2=24. The 
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other 4 cards similarly cover the multipli- 
cation “tables” for 3’s, 4’s, 5’s and 6’s. 
Two things should be noted: (1) each 
“table” extends beyond what generally 
are considered to be the “basic facts,’”’ by 
including multipliers of 10, 11 and 12; 
and (2) reversals appear for some facts, 
such as 5X3 and 3X5, but not for others, 
such as 9X4. 

Appraisal: Just one point, not fully 
considered in the earlier appraisal, will be 
emphasized here. Although these cards 
enable a child to find the answer for a com- 
bination “by himself,” the child finds that 
answer by sensing spatial relations rather 
than quantitative relations. This fact obvi- 
ously places serious limitations upon any 
use of the cards for numerous instructional 
purposes. (Reviewed by J. Fred Weaver, 
Boston University) 


123—Pla-Pak 


The Plaway Games, 18 Division Street, 
Sidney, New York. 
Game; 13” 7" X8"; $1.75. 

Description: This game consists of a 
boxful of colored wooden objects. There 
are small cylinders (3” in diameter X }”), 
plinths (14” diameter X 3”), 13” sticks and 
4” sticks. A mimeographed page of direc- 
tions suggests activities to teach color, 
counting, addition, multiplication, and 
division. All pieces are dyed attractive 
colors. 

Appraisal: Such concrete materials are 
constantly used in elementary schools. 
This collection is colorful and sturdy. 


FILMS 
F. 86—Banks and Credit 


Coronet Instructional Films, Coronet 
Building, Chicago 1, Illinois. 


B&W ($50) or Color ($100); 400 ft., 10 
min. 


Description: A great deal of the work 
of a bank is summarized in very clear 
fashion. We hear about savings accounts, 
personal and commercial checking ac- 
counts, consumer credit, various types of 


checks (personal, certified, cashier and 
bank drafts), commercial and home loans, 
discount, and how banks invest their cash 
reserves. The graphic device of a pair of 
scales is used constantly to keep the assets 
and liabilities separate. 

Appraisal: Since so many terms are 
covered in this film, no single one is de- 
scribed in great detail. This is not neces- 
sary because they are all familiar ideas and 
need to be introduced to the class through 
discussion, actual visits to banks and con- 
crete materials in class. As review this film 
is excellent and certainly could be used in 
grades 8 through 10. The ideas are all im- 
portant and clearly expressed. 


F. 87—What is Business? 


Coronet Instructional Films, Coronet 
Building, Chicago 1, Illinois. 


B&W ($50) or Color ($100); 400 ft., 10 
min. 


Description: A short introduction tells of 
different types of business and the neces- 
sity for it. Then production is illustrated 
by agriculture, lumbering and fishing, min- 
ing and manufacturing; distribution by 
wholesaling and retailing; and services by 
communication, transportation, banking, 
lodging, food, entertainment, and others. 

Appraisal: This could be used to stimu- 
late discussion in junior or senior high 
school general mathematics. It is nothing 
more than an illustrated lecture and, al- 
though well illustrated, does not utilize 
the film medium to the best advantage. 


F. 88—What is a Contract? 


Coronet Instructional Films, Coronet 
Building, Chicago 1, Illinois. 


B&W ($50) or Color ($100); 400 ft., 10 


min. 


Description: Four elements of contracts 
are considered: the material consent, by 
competent parties, of a legal bargain, for a 
consideration. All this is illustrated by two 
boys who make an oral contract to de- 
liver advertising samples. 

Appraisal: The story is interesting and 
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the material to be learned is well organ- 
ized. However, for mathematics classes it 
is too technical and detailed. It is very 
suitable for business and law classes or 
for twelfth year general mathematics 
classes which might have time to devote to 
mature, detailed information. 


F. 89—Decimals are Easy 


Coronet Instructional Films, Coronet 


Building, Chicago 1, Illinois 


B&W ($50) or Color ($100); 400 ft., 10 
min. 


Description: The story is that of a boy 
who wants to buy a rubber boat and fig- 
ures how to save enough money to do it. It 
covers the subjects of writing, reading, 
adding, subtracting, multiplying, and di- 
viding decimals. In multiplication and di- 
vision two different ways to place the 
decimal point are explained. 

Appraisal: Some people will object to 
the use of “ragged” decimals in the exam- 
ples, and others may quarrel with the 
methods taught for placing the decimal 
point in division. A comment that some 
important concepts are slighted should not 
be taken too seriously, for such omissions 
ean be filled in by class work—a film 
should not try to do everything. In fact, 
this film tries to do a great deal. Is it in- 
tended for introduction or review? 


F. 90—Work of the Stock Exchange 


Coronet Instructional Films, Coronet 


Building, Chicago 1, Ilinois. 


B&W ($860) or Color ($120); 500 ft., 15 
min. 


Description: First we hear about some 
elements of production: land, manage- 
ment, labor and money. This leads to cor- 
porations and the need for money to ex- 
pand. Finally, details of buying and selling 
stocks on the exchange are demonstrated. 

Appraisal: The acting in this production 
is very amateurish and the subject proves 
to be somewhat unsuitable for film treat- 
ment. Even the technical quality of the 
photography is irregular. With all these 
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shortcomings the film still serves a pur- 
pose of background in many mathematics 
classes; with a better film the purpose 
would be served even more. 


F. 91—Sharing Economic Risk 


Coronet Instructional Films, Coronet 


Building, Chicago 1, Illinois. 


B&W ($50) or Color ($100); 400 ft., 10 
min. 


Description: After a boy’s bike is stolen 
we are told about the way that ten boys 
could share the risk by pooling their 
money. This leads to the subject of insur- 
ance of various sorts: theft of property, 
auto insurance, storm or flood, and fire. 
Such concepts as these are introduced: in- 
surable interest, life insurance (lump sum, 
and annuities), premiums and dividends, 
and endowment policies. 

Appraisal: This is an excellent general 
background and at a level both under- 
standable and interesting to secondary 
school pupils. It could and should lead to 
definite problems formulated by the class. 
It is not scientific, however, to present in- 
surance in the one-sided manner without 
balancing a sales talk for insurance with 
some disadvantages of this form of sav- 
ings. 


F. 92—Your Thrift Habits 


Coronet Instructional Films, Coronet 


Building, Chicago 1, Illinois. 


B&W ($50) or Color ($100); 400 ft., 10 
min. 


Description: It is helpful to budget in 
order to save and a graph of your goal and 
the weekly savings toward it are useful. 
Two boys are shown discussing their 
budgets, and then Jack is seen to have 
trouble sticking to his scheme for buying a 
camera. Some other suggestions are made 
for saving: fix things to make them last, 
and buy good rather than ‘shoddy mer- 
chandise at the beginning. 

Appraisal: Here is an excellent and 
practical use of graphs. There are some 
illustrative techniques used in the pho- 
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tography also which represent amounts of 
money by piles, another graphical exam- 
ple. It is difficult, however, to keep a 
worthwhile film like this up to date with 
respect to prices. Some people may feel 
that the artificial technique of having a 
character talk out loud to show what he is 
thinking is overdone in this script. 


F. 938—Parallel Lines 


Johnson Hunt Productions, 1133 N. High- 
land Ave., Hollywood 38, Calif. 


B&W ($45), Color ($90); 400 ft. 


Description: The idea of parallel lines is 
introduced by showing railroad tracks and 
defining what is meant by parallel lines. 
The definition is further emphasized by 
using the lines formed by the outline of a 
room and showing that in order to be 
parallel, lines must be in the same plane. 
These parallel lines then move across 
space, out into the universe, retaining con- 
stant distance between them and never 
meeting, no matter how far extended. Ap- 
plications of parallel lines are then shown 
in a shop where the axis of a lathe and the 
edge of the cutting tool are parallel. Three 
basic ideas are then brought out con- 
cerning the relationships of parallel lines. 
The first of these shows a draftsman using 
a T-Square to illustrate the theorem— 
“Two lines perpendicular to the same line 
and in the same plane are parallel.’’ The 
relationships between studs and rafters of 
a building are used to illustrate the equal 
angles formed by a transversal and the 
equal lengths intercepted on a transversal 
by parallel lines. These ideas are further 
illustrated by animated drawings. A final 
application is appropriately one in which 
a girl locates the correct position for five 
equally spaced buttons on a blouse which 
she is sewing. Drawing six parallel lines 
on a sheet of paper and using the edge asa 
transversal, she marks off the place for 
each of the buttons. The film ends by re- 
viewing the principal ideas and applica- 
tions that were previously discussed. 

Appraisal: The outstanding feature of 
this film is the demonstration of principles 
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connected with parallel lines in terms of 
practical applications. The settings were 
realistic situations and yet the viewer did 
not become engrossed in personalities in 
the film. Probably the best place for use 
of the film would be as an introduction to 
parallel lines or, at least, early in the dis- 
cussion of the subject. The film does not 
repeat the drawings of the textbook or 
teacher, rather it brings to the classroom a 
variety of situations in which parallel 
lines are a definite factor and which would 
not be readily available to the teacher. 
Also, applications are given which are ap- 
propriate for both boys and girls. The 
shop applications might have been im- 
proved by animation in order to emphasize 
the parallel lines involved which were 
largely invisible to the uninformed ob- 
server. However, the over-all rating of this 
film in terms of technical aspects as well as 
its treatment of the topic is excellent. 
(Reviewed by Robert Jackson, Denver, 
Colorado) 


PICTURES 


P. 12—Visualized Curriculum Series 


Creative Educational Society, Mankato, 
Minnesota. 


Pictures; 83”X11"; black and white; 
1952; varying prices for individual sets, 
$89.50 for complete series in cabinet. 


Description: This series of 914 pictures 
consists of sets of documentary photo- 
graphs lithographed on heavy card stock. 
The pictures are grouped under seven basic 
social problems: food, shelter, clothing, 
transportation, communication, conserva- 
tion of human resources, and conservation 
of natural resources. Each picture is a 
black and white photograph suitable for 
display on bulletin boards or for indi- 
vidual study. On the back of each picture 
there is a reading text to point out the 
major ideas shown by the picture. The 
pictures are arranged in a sequence and 
numbered according to an organized filing 
system so that any item can be found 
quickly and easily returned to its proper 
place in the file after use. A picture-find- 
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ing guide is included to make the use of 
the pictures easy. 

The series on food includes 170 pic- 
tures on 121 cards arranged in logical se- 
quence showing the need for feeding mil- 
lions of people, the importance of food to 
health, the sources, production and distri- 
bution of food. The series on shelter in- 
cludes 117 pictures on 77 cards illustrating 
many types of material used in building 
homes throughout the world, the people 
who help build our homes, ways of making 
interiors and landscapes attractive and 
some aspects of community planning. The 
series on clothing includes 139 pictures on 
102 cards selected to show how through- 
out the world, the type of clothing worn is 
determined by the climate and culture of 
the society. The series on transportation 
includes 118 pictures on 99 cards showing 
modes of travel on land, in the air and by 
sea in relation to countries and people the 
world over. The series on communication 
includes 118 pictures on 93 cards giving a 
complete study of the telephone, tele- 
graph, radio, television, newspapers, print- 
ing, mail. The series on conservation 
of human resources include 97 pictures on 
92 cards presenting studies on safety, 


health, recreation, culture, education and 
public interest in governmental projects 
and procedures indicating the importance 
of conserving human resources in our dem- 
ocratic society. The series on conservation 
of natural resources includes 160 picture 
studies on 118 cards that grade school chil- 
dren can understand on soil conservation, 
flood control, wise use of forests, wild life 
and minerals. Pictures illustrating “What 
We Can Do About It” suggest interesting 
activities to be carried on. 

Appraisal: This series of pictures will 
not only provide the busy elementary 
teacher with a series of well-selected pic- 
tures on commonly treated subjects but it 
will also suggest the kind and type of pic- 
ture that the teacher and pupil should look 
for when studying these topics. Mounting 
cards to supplement the picture series are 
available from the publisher. The filing 
system will provide a way of keeping ma- 
terials readily available. Although the 
series is primarily for social studies classes, 
elementary and junior high school teach- 
ers of mathematics will find the series or 
communication and transportation useful 
to illustrate practical problems in these 
areas. 


Devices 
(Continued from page 2**) 
The expansion could also have been 
written in the following form: 


(R+ L)? R'L! +f R°L?, 


where the term may be inter- 
preted as meaning the probability of 
making 2 right turns and 0 left turns in 2 
times out of 2. 

Suppose now that we consider a device 
with n compartments and that the amount 
of shot used is fixed. The corresponding 
binomial expansion will be (R+L)", the 
general term of which is ,C,;R"™L"-", where 
r=n, (n—1),---, 2, 1, 0. As before the 


heights of the piles of shot will be pro- 
portional with the coefficients of the ex- 


pansion. If the midpoints of the tops of 
these piles are connected with straight line 
segments, the broken line thus formed will 
(for large values of n) approximate the 
shape of the normal distribution curve 
previously mentioned. In fact, with a 
proper choice of ¢ and y axes and with an 
appropriate scale, if we allow n to beeome 
infinite in the expansion of (R+L)" we 
obtain an equation of the form 


y = A 


which is generally given as the normal 


distribution curve.5 
FE. J. B. 


5 For the argument in connection with the 
development of this idea see Hogben, op. cit., 
pp. 650-51. 
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Council of Teachers of Mathematics), edited by 
Howard F. Fehr. Cloth, ix+355 pages, 1953. 
The National Council of Teachers of Mathe- 
matics, 1201 Sixteenth St., N.W., Washington 
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1952. Superintendent of Documents, U. 3. 
Government Printing Office, Washington 25, 
D. C. $1.00. 

American School Curriculum (31st Yearbook, 
AASA) Cloth, 551 pages, 1953. American As- 
sociation of School Administrators, 1201 Six- 
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REVIEWS 


Our Number Workshop, Grade 1, Maurice Har- 
tung, Henry Van Engen, and Catharine 
Mahoney. Chicago, Scott Foresman and 
Company, 1952. 97 pp., $0.56. 


Our Number Workshop is a paper backed 
workbook planned especially to accompany 
Numbers We See by the same publishers, but 
first grade teachers may use it to excellent ad- 
vantage whether they are using Numbers We 
See or not. No reading by the child is required; 
the directions for each page are simple, and the 
child’s execution of directions is also made un- 
complicated. The writing of numbers is not re- 
quired. However, as the work progresses, the 
child will learn to associate the written number 
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symbol with the proper number of objects. The 
quality of paper is such that it should withstand 
the use that is required of it. Color is used in a 
functional way as for example, the direction for 
page 15 says, “If pony number 2 is red, draw a 
line under him.” 

Our Number Workshop presents pictures to 
give experience with (1) making comparisons 
(few, many, tall, taller, big, little, as many as, 
and so on); (2) counting and positional use of 
number; (3) grouping and recognizing numbers 
to 10 (readiness for the basic facts); (4) measur- 
ing with an accepted unit of measurement; and 
(5) money (dime, nickel, penny, and_ their 
equivalent values). Addition and subtraction 
are not taught in this book, but work in rear- 
ranging groups is such that a readiness for these 
operations is built up. For the work in measure- 
ment, the teacher will need to provide each child 
with ‘‘measuring sticks’; the authors suggest 
that these be two inches long. The children are 
directed first to see whether certain objects are 
“as long as’’ the measuring stick, or longer, or 
shorter. Later, they are directed to see how 
many measuring sticks will be needed to reach 
from one object to another. What better intro- 
duction to the idea of ‘How many times is the 
selected unit used in a certain length’’? 

The introduction to counting by tens seems 
to me to be somewhat abrupt; it would require 
more direction than the authors have provided. 
Numbers We See gives a smoother approach to 
this question on page 56, 

The plan by which children “tally” the 
number of tens on the left side of a diagram, 
and the number of ones on the right side, should 
pay good dividends in the learning of place 
value. 

Through use of this book and the instruc- 
tions planned around its familiar, every-day, 
child-like pictures, the teacher could be assured 
of giving children experiences with many funda- 
mental ideas of the number system, and thus 
providing a readiness for number work to come 
in later grades.—E.uinor B. Fraga, Illinois 
State Normal University, Normal, Illinois. 


Making Algebra Plain, O. F. Revereomb. 
Wichita, Kan., The MeCormick-Mather 
Publishing Company, 1952. 256 pp., $1.80. 
This is a soft cover 83" by 11” first-year 

algebra text. The format is excellent employing 

the two column layout. The print is large and 
dark providing for easy reading by the students. 

The text covers the usual topics of first year 
algebra, starting with the nature of algebra and 
the fundamental operations and continuing 
through quadratic equations and simple trigo- 
nometric measurement. 

The book is organized with certain psycho- 
logical principles in mind. New algebraic ex- 
periences are built upon elements related to 
previous experience and understanding. It is 
also noteworthy that a continuing review is pro- 
vided throughout the book. Wherever feasible, 
many general and specific examples of practical 


applications are utilized as a motivating tech- 
nique. Emphasis is placed on acquiring certain 
skills by providing a very adequate number of 
practice problems. A separate set of achieve- 
ment tests is provided for each student at no 
additional cost. These should prove of value for 
diagnostic purposes and also for purposes of 
evaluating the student’s progress.— WILLIAM H. 
Nautt, W. K. Kellogg Junior High School, 
Battle Creek, Michigan. 


New Plane Geometry. (Sixth ed.), A. M. Wel- 
chons and W. R. Krickenberger. Boston, 
Ginn and Co., 1952. viii +568 pp., $2.52. 
This book, written for the student in a lan- 

guage which he can understand, has many helps 

on how to study geometry. Provision is made for 
individual differences by an abundance of origi- 

nal exercises grouped in three classes, Class A 

for everyone, Class B for good pupils, and Class 

C for a challenge to the brilliant students. Prac- 

tical applications of geometric principles are 

stressed. A review of arithmetic and algebra is 
given immediately preceding the topic of geome- 
try in which it is needed; thus these necessary 
skills are reviewed and maintained throughout 
the course. Much practice is given in reasoning 
in life situations with illustrations and problems 
which are within the comprehension of the 
pupils. Although this work is marked “Op- 
tional,” it is one of the strong points of the book. 

The treatment of locus is especially good. 
Locus is introduced informally early in the book 
and is brought forward from time to time, cul- 
minating in the integration of locus problems 
and algebraic equations. Supplementary topics 
treated at the end of this book are trigonometry, 
analytic geometry, aeronautics, artillery fire, 
map reading, and orthographic projection. 

At the end of each chapter there are review 
questions, a list of important words, a summary 
of methods of proof, and several types of tests 
with the time for each test given. Kight compre- 
hensive tests, each of a different type, at the end 
of the book also will prove helpful to the teacher. 

The name New Plane Geometry is misleading, 
for much solid geometry is treated as an exten- 
sion of plane geometry under the topic ‘Space 
Geometry.” This textbook could be used in any 
class of plane geometry, but it is especially de- 
signed for the class which combines plane and 
solid geometry.—ALLENE ARCHER, Thomas 
Jefferson High School, Richmond, Virginia. 


Brief Trigonometry, Revised (ed.), Edward A. 
Cameron. New York, Henry Holt and Com- 
pany, 1952. vi+153 pp., $2.10. 

This short trigonometry text carries out the 
statement of the author’s aim: ‘‘The presenta- 
tion of the essentials of plane trigonometry in a 
concise, readable manner so that the subject 
may be taught in the minimum time consistent 
with adequate understanding.”’ The usual topics 
are covered though more briefly than generally 
found, and with fewer problems. 

The tables of trigonometric functions to four 
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significant figures list angles at ten minute inter- 
vals, and interpolation for other minutes is 
taught, but no angles occur expressed in sec- 
onds. Angles are listed in the same tables in 
both degrees and radians, an excellent way of 
keeping their relationship constantly before the 
student. A good though brief section on vectors 
with appropriate problems appears early in the 
text. The study of graphs of the trigonometric 
functions is limited to the sine and cosine and 
thus deals only with finite values. 

Although this text is intended for about 
thirty assignments in colleges or universities, it 
could be used in high schools as well. It is con- 
siderably easier than the texts I have used in my 
twelfth grade classes.—ONnaA Krarr, Collinwood 
High School, Cleveland, Ohio. 


How to Study—How to Solve, H. M. Dadourian. 
Cambridge, Mass., Addison-Wesley Press, 
Inc., 1951. vi+121 pp. $0.60. 


This is an enlargement and extension of a 
pamphlet published in 1949. Part I is a sound 
discussion of mental attitude toward study, and 
how to get the most out of classroom, home 
study, and examinations. This is the best part of 
the book. Part II gives a list of fifteen general di- 
rections for attacking standard text book prob- 
lems, with examples from geometry through 
calculus. Not all teachers will agree that this list 
is definitive, in fact the author himself ignores 
his own insistent advice on how to label a figure 
on the page succeeding the one where he gave it. 
This reviewer would like to see among other 
things, more emphasis on the value of a good 
figure drawn to seale, not only to suggest the 
method of proof, but also as a rough check on 
the answer. Part III is new to this edition. It 
seems to be a collection of parts of arithmetic, 
through calculus, not an outline or a summary, 
but rather things in each course that are fre- 
quently not mastered or not appreciated when 
first studied. 

The booklet should be useful to the student 
who needs to improve his performance.—ANNA 
S. Henriques, University of Utah, Salt Lake 
City, Utah. 


Film and Education, edited by Godfrey Elliot. 
New York, Philosophical Library, 1948. xi 
+597 pp., $7.50. 


Thirty seven writers, prominent in their re- 
spective fields, have collaborated to present a 
comprehensive survey of the present and poten- 
tial uses of the educational film. For one inter- 
ested in films per se, or in the over-all audio- 
visual education program, this book appears 
especially valuable. 

The book is divided into five parts: I. The 
Nature of the Educational Film, II. The Film in 
the Classroom, covering the subjects of music, 
art, social studies, etc., III. The Film Outside 
the Classroom, i.e. in religious education, indus- 
try and government, IV. The Education Film 
Abroad, and V. Administrative Problems and 
Practices, including those of publie support and 
the establishment of film libraries. 
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I believe that the mathematics teacher in- 
terested in films for classroom use will weleome 
two short, but pertinent chapters. The first of 
these entitled “Applications of the Film in 
Mathematics” was written by Irene Sauble. It 
deals more with the use of concrete materials as 
teaching aids than with the film itself, but a 
helpful annotated list of fifty (50) mathematics 
films (grades 1-12) is given at the end of the 
chapter. The second deals with ‘“‘The Selection 
and Evaluation of Films.” 

In general, this book contains a great deal of 
helpful information for any teacher and should 
make a valuable addition to one’s reference 
library. S. GARDNER, New York 
State College for Teachers, Albany, New York. 


Elementary Analytical Conics (Second ed.), J. H. 
Shackleton Bailey. London, Oxford Uni- 
versity Press, 1950. 378 pp., $1.75. 


Many of our elementary textbooks on ana- 
lytic geometry omit the more advanced topics in 
the conic sections. Here is an unusually thorough 
text on conics which includes these often omitted 
topics, develops them and provides exercises in 
which to apply them. 

Both polar and parametric forms of the 
conies are introduced early and used throughout 
the book. The concept of pole and polar is de- 
veloped not only with respect to the circle, but a 
formula is found for the polar of a point on the 
parabola, the ellipse and the hyperbola. The 
author concludes with a chapter on the conics 
studied with reference to oblique axes. The re- 
sults are interesting, to say the least. 

Every chapter of the book includes a set of 
exercises chosen from examinations given by 
English examining boards for their Higher Cer- 
tificate papers. Answers are supplied. 

I recommend this book for a teacher’s own 
library. He will find the organization excellent, 
the exposition clear and the problems challeng- 
ing.—Caro.ine A. Lester, New York State 
College for Teachers, Albany. 


Elements of Statistics (Second ed.), Elmer B. 
Mode. New York, Prentice-Hall, 1951. xvi 
+346+23 pp., $4.75. 


This text is a revision of a first edition which 
appeared in 1941. It has been revised so that 
some of the representative ideas of modern sta- 
tistics could be presented along with the stand- 
ard topics of statistics. 

Because the text stresses mathematical 
proof of some basic theorems and employs 
mathematical symbolism and terminology, the 
student who has had some work in the calculus 
will be more able to appreciate and use the text 
material. 

The introductory chapter is a very good one. 
It contains sections on the meaning of statistics, 
basic ideas of sampling, logarithmic computation 
and theory, and explanations of the statistical 
notation used in the text. Other chapters deal 
with measures of central tendency and variabil- 
ity, frequency distributions, the normal curve, 
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curve fitting, regression and correlation, bi- 
nomial, Poisson and Chi-Square distributions, 
and a few slightly more advanced concepts. 

Included in the rather extensive tables are 
tables of logarithms, squares, cubes and recipro- 
cals; ordinates of and area under the normal 
curve; values of Chi-Square, Fisher’s t and F; 
conversion of r to z; percentage points of r when 
rho is zero. 

This fine text should help develop on the part 
of the student a critical awareness of the ele- 
mentary aspects of statistics—Irwin K. FEIN- 
STEIN, Chicago Undergraduate Division, Uni- 
versity of Illinois, Chicago, Illinois. 


Analytic Geometry, John J. Corliss, Irwin K. 
Feinstein and Howard S. Levin. New York, 
Harper and Brothers Publishers, 1949. xiv + 
370 pp. $3.25. 


This text contains ten chapters on plane 
analytic geometry followed by six chapters on 
analytic geometry of three dimensions. The 
topics are, in general, those usually found in 
the standard first course on the subject. 

The authors have been careful to point out 
the two fundamental problems of analytic geom- 
etry and to keep them in evidence throughout 
the text. The geometry of the straight line re- 
ceives more attention than is given in some 
texts. It is first developed from the standpoint 
of slope, then from the standpoint of direction 
angles. The use of direction angles of a line in 
two dimensions makes an easy and natural 
transition to the study of the properties of a 
line in three dimensions. Some time might be 
saved by omitting some of the material on the 
line in two dimensions from the standpoint of 
slope. 

Unusual care has been exercised in dealing 
with directed segments. Although a difficulty 
in printing is involved, direct segments are in- 
dicated by an arrowhead throughout the book. 
The use of parametric equations and system of 
equations is a noteworthy feature. This tech- 
nique provides a generalization otherwise diffi- 
cult to realization. 

One hundred twenty-eight pages are de- 
voted to the treatment of conics which includes 
transformation of coordinates and a study of the 
general equation of the second degree. In addi- 
tion there are some twenty-five pages devoted 
to the polar form of the conics. The general 
definition in terms of eccentricity is presented 
first, then the various types of conics defined as 
special cases. The treatment is quite thorough 
and includes diameters, poles, polars and a short 
discussion of the principle of duality. Some 
teachers would question the advisability of tak- 
ing the conics through the routine of translation 
and rotation and the study of the many proper- 
ties of latus rectum, tangents, diameters, ete. 
However this seems to be a matter of choice. 

There is a good treatment of curve tracing 
in both rectangular and polar coordinates and 
the usual topics on higher plane curves. The 
supply of exercises is generous with numerous 
applied problems. The amount of material in 


the text is adequate and inclusive enough for a 
thorough first course in analytic geometry. A 
shorter course could be arranged by proper 
selection and omission. The text should serve 
well for students expecting to major in mathe- 
matics and also for those headed toward engi- 
neering.—H. GLENN AyRE, Western Illinois 
State College, Macomb, Illinois. 


An Outline of Analytic Geometry, C. O. Oakley. 
New York, Barnes and Noble, Inc., 1950. 
xviii +246 pp. $1.25. 


The book is a member of the College Outline 
Series and attempts to survey all the material 
covered in almost all standard text books in 
analytic geometry. In fact it contains a bibliog- 
raphy of these texts and a well-done table giving 
page references to each text for the many topics 
covered. An attempt is made to include all the 
several approaches to the material by the vari- 
ous text-book authors. 

The book is far more than an outline giving 
rather full discussions and explanations. Many 
proofs are included, although formal definitions 
are haphazard or naive. Many excellent dia- 
grams and figures are included, and many il- 
lustrative examples are given. There are not 
as many exercises as in a standard text. 

The principal value of this book would be 
for use by students who find a need for supple- 
mentary explanatory material. It is too lengthy 
for a quick review of analytic geometry and is 
not superior to the more coherent standard 
texts for students who wish to learn the subject 
without an instructor.—C. L. Seeseck, Jr., 
University of Alabama, University, Alabama. 


Modern Business Arithmetic—A Text-Workbook 
for Colleges, Thomas M. Dodds and Clyde 
Beighey. New York, The Gregg Publishing 
Company, Business Education Division, 
McGraw-Hill Book Company, Ine., 1950. 


viii+280 pp., $2.20. 


Modern Business Arithmetic is presented as a 
text for students majoring in business education 
who expect to use their arithmetical knowledge 
as a vocational skill. The stated aims of the 
book include giving the student reasons for 
various kinds of arithmetic problems, develop- 
ment of speed, accuracy and skills used in busi- 
ness offices and in other vocational courses, 
orderly habits of work and an understanding of 
business situations which will enable the student 
to apply his arithmetical skills to similar situa- 
tions. 

To accomplish these ends the authors give 
120 exercises covering the usual topics of busi- 
ness arithmetic; that is, the fundamental opera- 
tions with whole numbers, fractions and deci- 
mals, percentage, discount, profit and loss, com- 
missions, interest, simple and compound, bank 
discount, depreciation, taxes, insurance, pay- 
rolls, partnerships, corporations and_ sinking 
funds. These exercises consist of a reasonable 
number of problems usually preceded by a brief 
explanation, sometimes a single sentence, and 
an example. Space is left to do the necessary 


290 THE MATHEMATICS TEACHER | April 


calculation. Each exercise has space for name, 
class and date and the sheets are perforated so 
they can be torn out and handed in. 

The explanation at the beginning of each 
exercise is brief, concise and accurate and, to- 
gether with the illustrative example, will give 
an intelligent student a method by which the 
problems of the exercise can be solved. However, 
the understanding of the business situation in- 
volved will necessitate some explanation on the 
part of the teacher or an assumption of business 
experience which the average college student at 
this level does not have. 

In spite of the implied criticism the book 
should prove very useful in elementary college 
commerce courses. The problems are definite 
and fit the situations in which they are used. 
The solving of them with an intelligent attitude, 
which can be fostered by the teacher’s class- 
room methods, will go far toward furnishing the 
understanding which sometimes seems neglected 
in the explanations given at the beginning. The 
printing and topography of the book is excellent. 
The flexible spiral-type binding and the 8” X11" 
size make the book handy for use during the 
class as a workbook.—James H. Zant, Oklahoma 
A. & M. College, Stillwater, Oklahoma. 


Mathematics of Investment, Paul R. Rider and 
Carl H. Fischer. New York, Rinehart and 
Company, 1951. xi+359 pages, $5.00. 


This textbook treats the traditional topics of 
the mathematics of investment in a simple clear 
manner, with little emphasis on the use of 
formulas per se. The discussion of compound 
interest, annuities, and life insurance functions 
is pitched at the level of students with a mini- 
mum of mathematical training, but more ad- 
vanced material is included for the better stu- 
dents. A number of features are worthy of spe- 
cial notice. The revised notation approved in 
1947 by the International Congress of Actuaries 
is used throughout. Modern mortality tables at 
modern low rates of interest replace the obso- 
lete American Experience Table. The values of 
S,~' are tabulated instead of the more usual 
a,~', making possible a simplified treatment of 
general annuities. The tables of compound inter- 
est functions are arranged by interest rate rather 
than by function, with five functions listed on 
sach page under each interest rate. The rates 
tabulated are realistically low, starting with 
1/12%. There are over one thousand well- 
chosen problems, with answers to each odd- 
numbered question printed at the end of the 
problem. An instructor of the mathematics of 
investment will want to examine this book when 
he chooses a new text.—Haro.ip D. Larsen, 
Albion College, Albion, Michigan. 


Econometrics, Gerhard Tintner. New York, John 
Wiley and Sons, Ine., 1952. xiii+370 pp., 


This book is hardly self-contained. A student 
of modern mathematical statistics can find here 
much motivation in the abundance of “‘practi- 
cal’”’ problems that have been theoretically 


formulated. The student drawn to this book 
primarily as an economist but with little or no 
background in mathematical statistics will meet 
many technical difficulties. 

The first part of the book discusses the role 
of rigorous quantitative method in economics. 
The second part discusses and applies some of 
the now classical techniques of least squares and 
testing of linear hypotheses in the univariate 
and multivariate cases. Here, at times, the dis- 
tinction between unknown non-random param- 
eters and random variables becomes rather 
hazy. The third part of the book deals with sta- 
tistical problems in time series analysis. Here 
again, the main motivation comes from the 
analysis of variance, though there are also dis- 
cussions on a certain non-parametric method 
and on stochastic difference equations. 

There is a short appendix outlining basic 
computations with matrices and determinants. 
—Meyer Dwass, Northwestern University, 
Evanston, Illinois. 


Life Insurance Case Analysis, Methods and Ma- 
terials, Henry T. Owen. New York, Prentice- 
Hall, Ine., 1952. vi+109 pp., $2.50. 


It is the purpose of this text to serve as a 
guide in the planning of a life insurance pro- 
gram in the format of case studies. This is 
aptly done, and many representative cases are 
given representing a good cross section of the 
populace. 

The latter portion of the book has some ex- 
cellent references, including various insurance 
tables with explanations, and an excellent ré- 
sumé of the benefits of the newest Social Security 
Act.—Emit J. Wateck, Parks College, East 
Saint Louis, Illinois. 


Business Mathematics, Walter F. Cassidy and 
C. Carl Robusto. New York, Prentice-Hall, 
Ine., 1952. vii +3044 109 pp., $4.75. 


This book is written so that the student who 
is not too adept at mathematical reasoning, and 
mathematical manipulations, can still obtain 
the essential ideas of business mathematics. The 
publishers state, “Requiring only high school 
algebra beforehand, Cassidy and Robusto’s 
book shies away from the unnecessary reason- 
ings, explanations and other deviations.” 

It is true that a minimum of mathematical 
symbols are presented in this book. However it 
should be pointed out that the unit of measure 
(high school algebra) used to describe the com- 
petence required to successfully carry the course 
is indeed vague and indefinite. It is the review- 
er’s opinion that many a college junior, who has 
been away from his high school algebra for three 
or four years, will encounter some mental indi- 
gestion when they see symbols such as d2: 124°;"', 
combined with others like it, stretched out 
across the 4.5 inches of a page. This is the ever 
present problem confronting any author when 
he is writing a book on a mathematical topie for 
the non-mathematical student. 

In order to avoid this problem, or at least 
alleviate the difficulties encountered, the au- 
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thors use the first five chapters of the text for a 
review of “‘high school” algebra. This review in- 
cludes a brief discussion of such topics as loga- 
rithms, exponents and the binomial theorem as 
well as the usual review topics. The remaining 
chapters of the book cover in a very acceptable 
manner the usual material found in the books on 
mathematics of finance. 

The hand of tradition that holds texts of this 
type to a well defined path must be iron clad 
indeed. It is always difficult for the reviewer to 
rationalize why business educators insist on 
using logarithms in teaching students the basic 
concepts of business mathematics. In general 
these students are not facile at using mathemati- 
cal symbols and, what is even much more to the 
point, this is the day of well written mathe- 
matical tables, electric calculators and electronic 
computers. Certainly any business office inter- 
ested in those topics usually covered in a busi- 
ness mathematics course has, at least, a book of 
tables. And what about the 60 day-6% method? 
Is it important enough to devote any time to it 
in these days of exact interest tables? 

The reader should not draw the conclusion 
that the book being reviewed is the only book 
using archaic methods. This seems to be the 
practice of most, if not all, books on business 
mathematics. 

In general Cassidy and Robusto have written 
a very readable book and it seems to be teach- 
able as well. The language is brief and to the 
point. The treatments of each topic are adequate 
and are not verbose. The book in general has a 
neat appearance which induces the casual ob- 
server to take another look. 

As is true with most books it is always possi 
ble to disagree with the author on certain minor 
points. Some formulas are made to appear more 
complex by carrying the per cent sign into the 
formula. It is usually thought to be more de- 
sirable to have the variable 7 range over the 
decimal equivalents of the per cent interest 
rather than over the per cent range itself.—H. 
Van ENGEN, Iowa State Teachers College, 
Cedar Falls, Iowa. 


College Algebra, Ross R. Middlemiss. New York, 
MeGraw-Hill Book Company, 1952. xix +344 
pp., $3.50. 


The topies covered in this book are prac- 
tically the same as in other college algebra 
texts. The author believes that college algebra 
has something to contribute to the education of 
students in liberal arts as well as those of engi- 
neering and other sciences. The presentation of 
the subject matter, therefore, is such as will con- 
tribute to basie thinking habits. 

A feature of the book that will interest many 
teachers is the daily outline of lessons. The book 
is written so as to fall naturally into forty-eight 
lessons of about the same length. For each sug- 
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gested lesson the following are given: the text 
pages and sections covered, the topics involved, 
and three approximately equivalent problem 
sections. 

The arrangement of material is good and the 
statements are clear and concise. The problems 
appear to be well selected and graded.—L. H. 
Wuircrart, Ball State Teachers College, 
Muncie, Indiana. 


Theory of Matrices, Sam Perlis. Cambridge, 
Addison-Wesley Press, Inc., 1952. xiv +237 
pp., $5.50. 

This book is an extremely lucid and well 
written introduction to matrix theory. The ad- 
vanced undergraduate or beginning graduate 
student should find it ideal for his needs since 
the author succeeds in making the more abstract 
parts of the theory clear by detailed discussion. 

Very little background is assumed on the 
part of the reader, and the book should be easily 
within the grasp of anyone who has mastered 
the calculus. Those parts of Modern Algebra 
which are needed in matrix theory are intro- 
duced at the appropriate places. Thus, abstract 
fields are defined in the first chapter and there 
is a chapter on polynomials in one variable over 
an arbitrary ground field. It is to be regretted 
that a book as well written and complete as 
this one defines a vector space only as the set 
of n-uples of field elements and makes no men- 
tion of the abstract definition. The discussion 
of inner product spaces is also very limited and 
a brief discussion of dual spaces might have been 
appropriate. There are many excellent exercises 
throughout some of them containing material 
that did not find place in the main exposition. 
Several applications of the subject matter are 
discussed in detail: for example, there is a 
matrix treatment of systems of ordinary dif- 
ferential equations with constant coefficients. 

After the basic definitions of matrices and 
vector spaces, the author discussed equivalence 
and rank. There follows a chapter on deter- 
minants which are defined simply as sums of 
products of matrix elements rather than some 
sort of absolute value on the ring of all matrices. 
The author then treats the congruence of sym- 
metric and Hermitian matrices. Next, similarity 
theory is studied and the rational canonical 
form is obtained over an arbitrary field. There 
follows a discussion of characteristic roots and 
the diagonalization of real symmetric, Hermi- 
tian, and finally normal matrices. The final 
chapter deals with the equivalence of matrices 
and linear transformations. 

This book should prove a welcome addition 
to the textbooks on matrix theory and should 
help in providing an introduction to that sub- 
ject to the non-mathematician.—ALEXx RosEN- 
BERG, Northwestern University, Evanston, 
Illinois. 
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Edited by 


Joun A. BRowN 
Wisconsin High School 
Madison, Wisconsin 


Practice IN TEACHING OF PLANE 
GEOMETRY 

A plan to determine practices in our 
classes, similar to that used in this De- 
partment in the past two years, is intro- 
duced again this month. Below is a set of 
questions intended to determine current 
classroom practices in plane geometry. 
Any geometry teacher may cooperate in 
this study by writing his answers to these 
questions on a post card and mailing it to 
J. A. Brown, Wisconsin High School, 
Madison 6, Wisconsin. The questions may 
be referred to by number and letter. If 
your procedure is to introduce all theorems 
by first proving them for the class, Ia 
should be checked; it you introduce only 
a few theorems in this way, Ie should be 
checked. A typical set of answers for parts 
I and II might be: Ia, few; b, most; e, 
few; d, few. Ila, few; b, none; ete. A 
typical set of answers for part IIL might 
be: la, 2f, 3b, ete. 

A summary of replies received by June 
15 will appear in an early number of 
Tue Maruematics Teacuer. Your help 
will be greatly appreciated. 

I. Method used by teacher in introducing 

theorems. 
a) Carefully develop and explain the proof. 
All_. Most. Few None 
b) Carefully develop and explain a plan of 
proof, 
All__ Most_. Few None — 
c) Use teaching aids and induction. 
Most Few None 
d) Use a genetic method, in which pupils 
develop proof through carefully direeted 
questions. 
All__. Most. Few None — 
e) Other method 


and 


Houston T. Karnes 
Louisiana State University 
Baton Rouge, Louisiana 


II. Procedures required of pupils in proving 
theorems. 
a) Write out proof completely (to be 
handed in). 
All__ Most Few None 
b) Keep notebook with all proofs. 
All__.  Most_. Few None — 
ec) Use phrases of textbook or teacher in his 
proof. 

All... Most... Few... None —. 
Prove theorems without help from oth- 
ers. 

All__ Most Few — 
Construct all figures in proof, 

All__ Most. Few None — 
Write each authority (reason) in a com- 
plete sentence. 

All__ Most. Few — 

g) Write proof of theorems in ink. 

All__ Most Few — None — 

III. Emphasis in the course. 
Rank in order of emphasis in the course, 
using | for the item which you consider of 
first importance, ete. 
a) Formal proof of theorems. 
b) Original exercises. 
ce) Constructions with 
and compasses. 
d) Applications of geometry in every- 
day life. 
e) Use of proof in non-geometric prob- 
lems. 
f) Relations between geometry and 
algebra. 
g) Other 


None 


None 


straightedge 


Report OF THE INVESTIGATION CON- 
CERNING THE MARKING OF ANSWERS 
To PROBLEMS IN ELEMENTARY 
ARITHMETIC 


Miss Anna M. Ullrich, Washington 
School, West Allis, Wisconsin reports in 
The Wisconsin Teacher of Mathematics 
that many inconsistencies in the labels of 
answers exist in keys to textbooks of arith- 
metic. In order to find out some principles 
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that she might use as a guide in grading 
papers, she sent a questionnaire to ele- 
mentary and junior high school teachers, 
elementary and junior high school prin- 
cipals, city elementary supervisors, super- 
intendents of small city systems, county 
superintendents and supervisors, county 
normal school instructors, instructors of 
mathematics in colleges and universities, 
as well as to authors of books on the teach- 
ing of arithmetic, of arithmetic textbooks, 
of standardized tests, and of articles on 
elementary school arithmetic. Over 275 re- 
plies were received. Some of the conclu- 
sions reached were as follows: 
. 79% would require a label of all 
answers. 
. 29% would omit labels including §, ¢, 
°, and %. 
. 60° would omit labels for “how 
many.” 
. 299% would omit labels for “how 
much, what amount, ete.” 
5. 26% would omit labels for “how 
high, far, ete.” 
. 8% would omit labels for “what 
amount, cost, ete.” 


Although the survey did not supply 
sufficient information which could be used 
in preparing the proposed guide, many 
interesting suggestions were received. 

A few samples of the questions are listed 
below so that you will be able to better 
understand the summary of percentages 
given. It is not possible to give the entire 
questionnaire here, but if anyone wishes a 
complete copy he may request one by 
writing to Miss Ullrich and enclosing ten 
cents to cover costs. 

SAMPLE QUESTION 
. General. After each question please underline 
or “no,” 

A. In general, do you think that 
the answer should be labeled to 
be considered correct? 

B. Would you mark an answer cor- 
rect if the child omitted any 
kind of label whatever includ- 
ing such signs as $, ¢, °, (de- 
grees) and %, except in a prob- 


lem specifically calling for a 
label, as in the case of listing 
recipe ingredients? 

. If problem asks, 
many?” of a certain thing or 
unit of measure expressed in the 
problem, would you mark an 
answer correct if there were no 


Illustration: Miss Smith has a class of 
15 boys and 12 girls. How many 
pupils has she? (Answer 27) 

Illustration: Each play costume re- 
quired 4 yards of material. How 
many yards are needed for 10 such 
costumes? (Answer 40) 

II. Miscellaneous. Please underline whatever 
answers you would consider correct for each 
of the following problems: 

1. A certain village has a population of 1500 
while the neighboring village has a popu- 
lation of 750. What is the combined 
population of the two villages?’ 

2,250 or 2,250 people 

. What is the average speed of an airplane 
that travels 1,000 miles in 5 hours? 

200 or 200 miles or 200 miles per 

hour 
. What is the average speed per hour of an 
airplane that travels 1,000 miles in 5 
hours? 

200 or 

hour 

4. Mrs. Jones used 8 eggs in a cake. What 
part of a dozen is this? 

2/3 or 2/3 dozen 


200 miles or 200 miles per 


No doubt many of you have some de- 
finite scheme that you follow in your own 
classes. Won’t you share it with our 
readers? This need not be limited to teach- 
ers at the elementary and junior high 
school levels. 

One reaction to the questionnaire in- 
cluded these remarks: “I thought by 
having those few sample questions we 
ought to have some response from readers. 
Take that question on population—the 
first under II above. The word ‘people’ 
was not used in the problem so I wouldn’t 
expect the pupil to use it in the answer. 
Furthermore, we talk of population all the 
time without a label. For example, we say 
Shorewood has a population of 16,000—- 
to me the term population implies people. 
Anyway I just thought we ought to get 
some reaction, for IT could argue on so 
many.” 
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“NI Day GILMER CouNTYy 


It was “M” Day in Gilmer County, 
when the Mathematics Department of the 
Glenville High School played host to the 
other four county high schools. “M” 
Day, in this case, meant Mathematics Day. 

The mathematics classes of Glenville 
had been one of the most active groups 
around the school all year. Such remarks 
as ‘“‘What’s going on in there?” “Oh, 
you're really making it practical,are you?” 
“My mathematics room never looked like 
that.’’ and “I never knew anyone could 
have that much fun in an arithmetic 
class.’’ were heard every day from faculty 
members and older students. The Glen- 
ville students had looked forward to the 
occasion all year and as a sort of culmina- 
tion to their year’s work they were eager 
to share their ideas and experiences. 

Some days previous to the date of the 
occasion, colorful invitations of a mathe- 


matical motif were sent to about one 


hundred guests. This list of guests in- 


cluded ten students, along with their prin- 
cipal and mathematics teacher, from each 
of the other high schools in the county, 
the members of the County Board of Edu- 
cation and their office staff, Glenville Col- 
lege faculty members, several out-of-the- 
county people and some local citizens who 
were especially interested in mathematics. 

Upon arrival, the guests were greeted 
by two students, who supplied each of 
them with a packet of mathematical 
material. This material included cross- 
word puzzles, magic squares, scales for 
adding and subtracting signed numbers, 
and many other interesting things that 
were manipulated, solved, or analyzed by 
each individual during the program. 
Interest was high on the part of everyone 
at all times. 

With Haymen Boggs, Jr., as master of 
ceremonies, the group was thoroughly 
convinced that mathematics is not “all 
work and no play’’—as it is often thought 
to be. 

The program opened with the group 


[April 


singing John Brown's Sister Couldn't Even 
Find a Sum, followed by other mathemati- 
cal songs. Fifteen students demonstrated 
many teaching aids or devices, all of which 
were inexpensive or homemade. Among 
these aids were a revolving angle board, 
showing the angles in their different posi- 
tions, a triangle board, with protractors 
glued on, showing that the sum of the an- 
gles of any triangle equals 180°, and an 
angle bisector made of strips of masonite, 
made and demonstrated by a ninth grade 
student; an altitude board showing how 
the altitude of different kinds of triangles 
changes in regard to its position—often 
falling outside the triangle,—and aids 
showing the nature of and degrees in in- 
scribed angles, central angles, and vertical 
angles. 

Two different methods of proof of the 
Pythagorean theorem were demonstrated. 
The story of Pythagoras was given and 
also an extension of his theorem was pre- 
sented “by proving that the area of a 
semi-circle drawn on the hypotenuse of a 
right triangle is equal to the sum of the 
areas of semi-circles drawn on the two 
legs.” 

One of the girls showed some special 
techniques in the use of a blackboard com- 
pass and showed clearly that it had its 
place in art also. A seventh-grade student 
received a great deal of praise as she drew 
on the board the various kinds of angles, 
then with free hand drawing developed 
these angles into about everything from a 
butterfly to a Red Terror Indian—the 
school’s emblem. 

Proving that mathematics can be cor- 
related with almost any other subject, 
another girl, who is studying music too, 
seemed to “steal the show” as she ex- 
plained how mathematics had helped her 
in her study of music, —then very beauti- 
fully sang The Loveliest Night of the Year. 

Perhaps the most effective demonstra- 
tion was done with Groves Moto-Math 
Set. The derivation of many of our mathe- 
matical formulas was shown and many of 
the students saw for the first time just 
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where these rules came from, and these 
then took on their proper meaning. 

Not failing to forcefully exhibit the fact 
that mathematics and home economics 
are closely related, the guests were invited 
to the dining room where refreshments 
were served. The cookies, cut in different 
geometric figures, were baked by the girls 
as a lesson in ratio, which involved en- 
larging a recipe. The centerpiece for the 
table was made by arranging different 
colored drinking straws (small cylinders) 
into a circular base of modeling clay. 

The exhibit that attracted most atten- 
tion was the one on Thrift. With full coop- 
eration on the part of the cashiers of the 
two local banks, it was possible to show 
all kinds of bank forms, notes, checks, de- 
posit slips, savings bonds, savings stamps, 
and pass books. All of these had as their 
background toy money, both paper and 
silver. In the foreground was a toy adding 
machine, a cash register, and a collection 
of “piggy” banks. Other exhibits included 
snow flakes, flying saucers, scale drawings, 
straight line stitching, graphs, algebraic 
charts, geometric models made from 
paper, wire coat hangers, pipe stem 
cleaners and drinking straws. There was 
also a large collection of free material 
dealing with mathematics, puzzles, games, 
and recreations. 

Much pride was also exhibited in the 
display of the books on mathematics that 
had recently been added to the library. 
This collection included such books as 
Men of Mathematics by E. T. Bell, A 
Boy’s Own Arithmetic by Meeks, Take a 
Number by Lieber, and Mathematics for 
the Million by Hogben. 

The afternoon was enjoyed, and not one 
present failed to agree that mathematics 
can be enriched and that it really can be 
fun. Perhaps the greatest compliment 
that came to us was from Roland Butcher, 
County Superintendent of Schools, who 
said, “TI have never attended a more inter- 
esting or a more instructional program. I 
leave this meeting with a feeling that the 
teachers, the students, and the visitors are 
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sharing in the feeling and the belief that 
mathematics and a good relationship 
among schools has been promoted.” 
Munrtet G. Currey, President 
West Virginia Council of 
Mathematics Teachers 
Glenville, West Virginia 


THE TRIGONOMETRY CLASS— 
First ASSIGNMENT 


“Did you know that two triangles can 
have five of their parts equal and the sixth 
parts unequal?” This question, paren- 
thetically inserted in a conversation, was 
asked by a colleague. It led toa technique 
I like to use at the first meeting of a class 
in trigonometry. Here it is for your con- 
sideration. 

One evening I started playing with the 
question, trial-and-error style at first, then 
abandoning the time-consuming method 
for a logical one. In the trial-and-error 
method I was reminded time and again of 
the effect on other parts of a triangle when 
one part is varied. And with the logical ap- 
proach I realized I was drawing on all the 
plane geometry theorems on congruence 
of triangles and many of the theorems per- 
taining to similar triangles. 

What could be a better review for a class 
beginning the study of trigonometry? 

After disposing of the usual mechanics 
involved in the first meeting of a class, and 
after giving the class a brief orientation to 
trigonometry, the first assignment is 
made: “Bring to class two cardboard tri- 
angles, which have five parts of one tri- 
angle equal to five parts in the other, but 
the sixth parts unequal.”’ The students 
are given five days to complete the assign- 
ment (outside the classroom) and advised 
to start on the preblem early. They are 
loaned plane geometry textbooks from a 
discarded set, to use for reference. 

On the day when the successful students 
present their triangles, they are asked to 
explain how they arrived at the solution. 
Some will reveal ingenious methods which 
would never have occurred to their in- 
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structor, and which must be recognized as 
good thinking. 

The assignment holds still another vir- 
tue: it demands accurate work, either by 
protractor and ruler; or by compasses and 
straight-edge, in order that the parts 
which should be equal can be shown to be 
equal. 

Whether or not the student produces 
the required cardboard triangles, if he at- 
tempts the solution he is benefited, be- 
cause he must review the facts and rela- 
tionships from plane geometry which are 
essential in trigonometry. 

For the weary, the busy, or the televiewers, 
here is a fast outline of one solution: The 
six parts of a triangle are, of course, the 
three sides and the three angles. If two 
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triangles have five of their parts equal and 
the sixth unequal, it is obvious that of the 
five equal parts, the three sides cannot be 
equal respectively or the triangles would 
be congruent, making the sixth parts also 
equal. Then it is the three angles which 
must be correspondingly equal, meaning 
the triangles are similar. The two sides 
which are equal respectively in the two 
triangles may not be correspondingly 
placed, or the triangles again would be 
congruent. The problem, then, is to have 
two similar triangles with two of their 
three sides equal respectively, but not cor- 
respondingly placed. 

Rospert R. 

Avenal High School 
Avenal, California 


Workshops and Institutes 
(Continued from page 252) 

commodations in the facilities of the University. 
Inquiries from persons interested in the Work- 
shop will be welcomed by the Department of 
Mathematics of the University and should be 
addressed to Professor Davis P. Richardson, 
University of Arkansas, Fayetteville, Arkansas. 


A Summer Institute for Mathematics Teach- 
ers will be held at the University of Michigan, 
August 3-14, 1953. The purpose of the institute 
will be to provide up-to-date information about 
new developments in mathematies, its applica- 
tions, and its teaching. Particular emphasis will 
be placed on the uses of mathematics in industry 
(especially Michigan industry), and on the de- 
velopment from them of problems and illustra- 
tive materials, teaching aids and classroom 
methods which will help vitalize secondary 
mathematics instruction. Special lectures will be 
held on such topics as: Fundamentals of Quality 
Control in Industry; Modern Developments in 
Computation; Modern Computation Facilities 
and Their Implications for Industry and Edu- 
cation; Mathematics in the Machine Shop; 
Mathematies and Art; New Needs and Develop- 
ments in Air Navigation; The Role of Mathe- 
matical Models in an Empirical Science; Mathe- 
matics in Optics and Photography; Mathemat- 
ics in the Paper Industry; and Mathematies in 
Agriculture. The program also includes partici- 
pation in laboratory work groups, discussion and 
study groups, and field trips. Two hours of credit 
may be earned by qualified students who have 
made arrangements in advance. Further data are 
available from Phillip S. Jones, Mathematics 
Department, University of Michigan, Ann Ar- 
bor, Michigan. 


Louisiana State University’s Fourth Annual 
Mathematics Institute will be held from June 
21-27. Included on the program are a geometry 
laboratory and discussion groups in algebra, ge- 
ometry, arithmetic, junior high school mathe- 
matics, and enrichment materials led by experts 
in these areas. There will be lectures given by 
outstanding people in mathematics and related 
fields. Excellent accommodations will be pro- 
vided on the campus at reasonable rates. A 
vacation trip to interesting Louisiana can include 
this week for profit and enjoyment on the beau- 
tiful Louisiana State University campus. A copy 
of the program and additional information may 
be obtained by writing Houston T. Karnes, Di- 
rector, Mathematics Institute, Louisiana State 
University, Baton Rouge, Louisiana. 


Indiana University announces its Sixth 
Annual Workshop for Teachers of Mathe- 
matics, from June 22 through July 3. During 
this workshop the membership will have the op- 
portunity of hearing lectures on the needs for 
mathematics from the fields of business, indus- 
try and science, as well as participating in 
groups studying problems pertaining to the 
teaching of mathematics in grades 7 through 
14. Time and instruction in the field of labora- 
tory materials for mathematics will also be pro- 
vided. Two and one-half hours of university 
graduate credit will be given to those who de- 
sire it. The director of the workshop will be 
Walter Gingery, Visiting Instructor in Educa- 
tion, and Mathematics Teacher in the Univer- 
sity School, Bloomington, Indiana. For further 
information please write to Philip Peak, As- 
sistant Director, Workshop for Teachers of 
Mathematics, School of Education, Indiana 
University, Bloomington, Indiana. 
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Affiliated Group Activities 


By Ips May Bernuarp, Regional Representative, Southwestern States 
Texas Education Agency, Austin, Texas 


The Ford Experiment in Arkansas 

In Aprit, 1952, the Board of Directors 
of the Ford Foundation’s Fund for the 
Advancement of Education offered to 
finance a five-vear program of teacher 
education in the state of Arkansas. 
Several months later, Arkansas educators 
submitted a tentative plan for this pro- 
gram which was accepted by representa- 
tives of the Ford Foundation. 

At the present time, fifteen colleges of 
the state are working on this program 
which is being developed as an experi- 
mental project. This project is subject to 
continuous review with the ultimate aim 
either of establishing this program as the 
required one for all prospective public 
school teachers, of abandoning it alto- 
gether, or of continuing it as a part of the 
state’s total program of teacher educa- 
tion. The participating colleges have re- 
served the right to make changes at any 
time in the present four-year program, or 
this experimental program which may 
appear to be beneficial to the education 
of the public school teachers of the state. 
It is believed that at least twelve years 
will be required for the development of 
this program and for an appraisal of its 
results. 

For the year, 1952-53, approximately 
$474,000 was advanced from the Ford 
Fund to pay the expenses which would 
be incurred in order that the new program 
could be planned and put into effect. The 
fifteen participating colleges received from 
$4,500 to $50,500 to carry on the necessary 
planning during this year. Additional 
grants exceeding $100,000 will assist these 
colleges in paying for libraries, materials, 
and equipment needed in the development 
of this program. 

The first four years of this program is 
to consist of work in general basic educa- 
tion, specialized study, and the profes- 
sional guidance and orientation of pro- 


spective teachers. Since teachers in Ar- 
kansas high schools usually teach in more 
than one field, the prospective high school 
teacher will be expected to develop at least 
two teaching fields. The prospective ele- 
mentary teacher will be expected to take 
specialized work which will give her broad 
training in several fields. 

The fifth year in this experimental pro- 
gram is to consist of strictly professional 
work which will include what has usually 
been covered in such courses as techniques 
of teaching, tests and measurements, 
special methods, curriculum, and student 
teaching. Any student who elects this five- 
year program will be awarded a scholar- 
ship of $750 for the fifth year and will 
spend about one-half of this fifth year as 
an interne teacher in a selected high 
school of the state. Each interne teacher 
will be under the direct supervision of a 
“master teacher.’”’ These ‘“‘master teach- 
ers’ will be carefully chosen from the 
public school teachers of the state and 
will be given special training in this type 
of work. At the present time, it is expected 
that the necessary funds for the training 
of these “master teachers” will be ad- 
vanced from the Ford Foundation’s Fund. 

The State Director of this five-year ex- 
perimental project is Dr. Charles M. 
Clarke, who is also State Director of 
Teacher Education and Certification of 
the State Department of Education. 

In November, at Dr. Clarke’s sugges- 
tion, a committee of four publie school 
teachers and one college teacher was 
chosen in each of the subject matter areas. 
The first assignment for these committees 
is the problem of determining the nature 
and amount of specialized study that 
should be offered within the first four 
years of this program. The State Depart- 
ment of Education will use the recom- 
mendations of these committees in setting 
up subject matter requirements for the 
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certification of the teachers trained under 
this program. Each committee must sub- 
mit a final report before September 1, 
1953. 

Members of the Mathematics Commit- 
tee are as follows: Mary Lee Foster, 
Henderson State Teachers College, Arka- 
delphia; Christine Poindexter, Little Rock 
Senior High School, Little Rock; Bernice 
Karnes, Fayetteville Senior High School, 
Fayetteville; C. B. Garrison, Pine Bluff 
Senior High School, Pine Bluff; and G, J. 
Jones, Principal, Corbin High School 
(Colored), Pine Bluff. This committee 
has decided to attempt to determine 
what competencies in mathematics are 
needed by every high school teacher of 
mathematics, and then plan a mathe- 
maties curriculum for this experimental 
program which will meet the needs of 
these teachers. At the present time, it is 
believed that the report of this committee 
may make it necessary for each of the 
participating colleges to offer the same 
required courses in mathematics. 

The Ford Experiment was discussed 
at the fall meeting of the Arkansas Coun- 
cil of Teachers of Mathematics and the 
Arkansas Association of College Teachers 
of Mathematics. As a result of these dis- 
cussions, the committee feels that the new 
mathematics curriculum must be de- 


THE MATHEMATICS TEACHER 


signed to give the prospective teacher of 
high school mathematics the following 
opportunities: 

(1) To acquire a proficiency in mathe- 
matics at a higher level than he 
will be expected to teach. 

(2) To master some mathematics which 
he can use to enrich his teaching. 

(3) To learn the mathematics that he 
can utilize in his everyday life. 

(4) To read and study mathematical 
literature which will enable him to 
have an intelligent understanding 
of the part played by mathematics 
in the development of our modern 
civilization. 

The Arkansas Council of Teachers of 
Mathematics decided to choose the work 
with the mathematics committee as its 
major project for the year, and many 
members of this organization are enthusi- 
astically assisting the committee in every 
possible way. The mathematics people of 
the state believe this Ford Program can 
become a great program—one which will 
train superior teachers for the public 
schools of Arkansas, and one which may 
serve as a model for teacher training 
programs in other states. 

Mary LEE Foster 
Henderson State Teachers College 
Arkadelphia, Arkansas 


The Regents of the University of Minnesota, upon unanimous recommendation of the Faculty 


Committee on Honors, and the Administrative Committee of the Senate, voted to present to 
William David Reeve, Professor Emeritus of Mathematics at Teachers College, Columbia Uni- 
versity, New York City, “‘The Outstanding Achievement Award of the University, which is reserved 
for former students of the Institution who have attained high eminence and distinction.”’ The award 
was presented on the evening of March 31, 1953, at a dinner in the Main Ballroom of the Coffman 
Memorial Building on the occasion of the dedication of the new College of Education Building on 
the University of Minnesota campus. On the evening of March 30, Professor Reeve addressed the 
members of the Twin City Mathematics Club on ‘The History and Teaching of General Mathe- 
matics in the Secondary Schools of the United States.” Professor Reeve was for many years head 
of the department of mathematics and principal of the University of Minnesota High School until 


he went to Teachers College in 1923. 
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Yow feady ! 
Keniston- Tully 
PLANE GEOMETRY 


Revised Edition 


This practical geometry is mathematically sound 
with a number of outstanding features that make 


it exceptionally satisfactory to teach. 


A strong visual program is used to picture geometry 
in the natural or man-made environment and to 


present new concepts. 


To encourage thinking rather than memorization, 
the book provides many theorems to be solved by 
the student and gives attention to reasoning pat- 
terns in mathematical situations. 


Keniston-Tully meets college entrance requirements 
and at the same time provides excellent teaching 
aids which make geometry interesting and under- 
standable for the average student. 


The Revised Edition has more extensive correlation 


of plane geometry with algebra, sections on co- 
ordinate geometry, computation with approximate 
numbers, and new exercises and review. 


SALES OFFICES: NEW YORK 11 CHICAGO 16 ATLANTA 3 
DALLAS 1 COLUMBUS 16 SAN FRANCISCO 3 TORONTO 5 


Please mention the MATHEMATICS TEACHER when answering advertisements 
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HOME OFFICE: BOSTON 
| 


Help the pupil learn arithmetic 
meaningfully 


SIZE 20” x 32” 


ANATIONAL SERVICE 
ALBERT Efficient, reliable | 


and schools. Under | 
and COLLEGE agement for three | ana-mat i$ a versatile Classroom counting 


: | frame for incidental learning of the important 
BUREAU generations. concepts of arithmetic. The ancient abacus is 
| now adapted as a modern aid to visualize 
oe } numbers, groups and relationships by actual 
igi | 
Or 9 nal Albert Member NATA arrangement of beads. Sturdily constructed of 
Since 1885 13/16” hardwood the frame has 10 removable 
push-spring rods each with 10 colorful beads. 
25 E. JACKSON BLVD., CHICAGO 4, ILL. Specify Pana-math for all new or replacement 


| counting frame equipment. (Pat. Pend. . . . 
| Reg. App. for) 


@ Time Teaching Clocks * Folding Easels 
Stoves * Sinks * Refrigerators 

Ironing Boards * Educational Toys 
Jig-saw Puzzles * Peg Boards 

Drawing Boards * Playhouse Screens 
Beods 


DEPARTMENT MT 


DAINTEE TOYS, INC. 


230 STEUBEN STREET, BROOKLYN 5, N. Y. 


Secribners orrer you 


a new four-year program of mathematics 


for the high schools 
FUNCTIONAL MATHEMATICS 


combining Algebra, Arithmetic, Geometry, Trigonometry 
Courses One, Two, *Three, *Four, for Grades 9-12 


by William A. Gager, Franklin W. Kokomoor, Carl N. Shuster, 
Mildred H. Mahood, Charlotte Carlton, and Lilla Lyle 


*In preparation—will be published soon 


This new series is designed to provide an integrated program of mathematics for 
all high school students. Combining the best features of sequential mathematics with 
producer and consumer mathematics, this continuous, closely integrated four-year 
course for today’s varied student population utilizes mathematical problems that 
occur in everyday life. FUNCTIONAL MATHEMATICS provides effective training 


in mathematics for successful everyday living as well as for future professional needs. 


CHARLES SCRIBNER’S SONS 


597 Fifth Avenue, New York 17, New York 
Chicago 5 Atlanta 3 Dallas 1 San Francisco 5 


Please mention the MATHEMATICS TEACHER when answering advertisements 
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funouncing A NEW COLLEGE ALGEBRA 
"TEXT FOR FALL CLASSES 
COLLEGE ALGEBRA 


By Ross H, BARDELL 
and ABRAHAM SPITZBART 
University of Wisconsin 


This new college algebra text is distinguished both by its un- 
usually clear and teachable manner of presentation, and by its 
adaptability to the needs of students who will continue in mathe- 
matics, or those taking a terminal course. It may be used with 
equal success in short or long courses, depending on the student's 


previous background. 

The mathematical concept of function is the unifying theme, 
and after its early introduction all other topics are related to it 
insofar as possible. This modern approach is further advanced by 
the deliberate omission of some topics included in older texts, 
such as limits, partial fractions, and infinite series, and by dealing 
briefly with number systems in the very beginning. The emphasis 
throughout is on a lucid, rigorous, and logical treatment. 


The book is well suited for a five-hour course for students with 
inadequate preparation in high school algebra, since the first four 
chapters furnish a comprehensive review of this subject. How- 
ever, it lends itself equally well to a three-hour course for better 
prepared students, who may concentrate on the material contained 


in the last nine chapters. 
An unusually large selection of exercises and problems is in- 
cluded, as well as an extensive set of exercises covering the review 


material of the first four chapters. 


Clothbound, c. 256 pages; 
to be published April 1953 — Weste cng REPRE 
States 


probable price $3.50 + W. STACEY, INC 
Market St., 
Europe St San Francisco, Calit, 


SEND FOR YOUR EXAMINATION W. S. HALL & co 
COPY TODAY Keizersgrack 
457 Madison ave., Holland 
aN. 


Ork 
MA 
Send for NEW 1953 266 King stn, LTD. 
Addison-Wesley catalog today Lotin A - West, Toronto 
H 


New York 16, N. Y, 
Honoluly 9,7. 
ydney, Australia 


ADDISON-WESLEY PUBLISHING COMPANY, INC 
Cambridge 42, Massachusetts 


SENTATIVES 


Please mention the MaTHematics TEACHER when answering advertisements 


your non-algebra students 


HART, GREGORY, SCHULT 
* Mathematics in Daily Use, Revised 


HART and GREGORY 
* General Mathematics in Daily Activities 


EWING and HART 
® General Mathematics at Work 


KANZER and SCHAAF 
*® Essentials of Business Arithmetic, Third Edition 


BUTLER 


* Arithmetic for High Schools 
D. C. HEATH and Company tome Ofice: Boston 


Sales Offices: New York Chicago San Francisco Atlanta Dallas 


A new design for learning 


Ideal foundation for GROWTH IN 
ARITHMETIC or any modern series 
of arithmetics. 


LET’S COUNT 


Builds on oral, visual, and manipu- 
lative experiences. 


NUMBER BOOK 1 
Makes use together of object, picture, 
number words, and finally number 


symbols. 


NUMBER BOOK 2 
Lifts pupils gradually from the ma- 
nipulative level to a higher level of 


learning. 


World Book Company 


Growth in Arithmetic 


By Clark, Junge, Moser, Smith 
Grades 1-8 


¢ The number system is clearly set forth in a 


built-in program of teaching. 


© Pupils learn to reason. to use alternate meth- 


ods, to go ahead on their own. 


@ Maintenance-of-skills program insures under- 


standing and competence. 


2126 Prairie Avenue. Chicago 16 


Yonkers-on-Hudson, New York 


Please mention the MatHematics TEACHER when answering advertisements 
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ALGEBRA for Problem Solving 


Book I 


FREILICH BERMAN JOHNSON 


“A great step forward in algebra texts. It is a book that the 
student should be able to read and understand.” 

John M. Heath 

Hopkins Grammar School 

New Haven, Conn. 


“Most complete explanations. Excellent use of color for con- 
trast in explanations.” 


R. H. Morse 
F. A, Day Junior High School 
Newtonville, Mass. 


“In my estimation it is one of the first really fine algebra books 
I have ever seen. It uses color, diagram, example, and definition 
to perfection, and makes the text interesting, challenging, and 
yet inviting.” 

Donald Schaefer 
West Union Public Schools 

West Union, lowa 


HOUGHTON MIFFLIN COMPANY 


BosToNn New York CHICAGO DALLAS ATLANTA SAN FRANCISCO 


CURVE UNIT No. 139 


This mathematics kit contains materials and directions for forming conic 
sections by curve stitching, paper folding, string and pencil construction, 
and cutting a string model of a cone. The latest in the series of kits pro- 
duced cooperatively with Science Service. 
Price, postpaid, 75¢ each or 3 for $1.50. 
Send orders with remittance to: 
NATIONAL COUNCIL OF TEACHERS OF MATHEMATICS 
1201 Sixteenth Street, N.W. Washington 6, D.C. 


FISK Teacher’s Agency 


28 E. Jackson Blvd. - Chicago 4, Ill. 


Teachers of Mathematics are very much in demand. Excellent salaries for heads of 
departments and also excellent salaries for beginning teachers. Our service is nation- 


wide. Member N.A.T.A. 


Please mention the MatHeMatics TEACHER when answering advertisements 


New Mathematics Texts 
for Your Classes 


Schnell and Crawford’s 


Plane Geometry 
A Clear Thinking Approach 


Presents geometry on three levels, geared to 
the varying abilities of students. Gives stu- 


dents maximum opportunity to investigate, | 
discover relationships, and do independent | 


thinking. 


Solid Geometry 
A Clear Thinking Approach 


Places emphasis on strengthening the stu- 
dent’s reasoning ability. Guides him in apply- 


ing to life situations the reasoning skills | 


learned in the study of geometry. 


Rosskopf, Aten, and Reeve’s 


Mathematics: 
A Third Course 


Third book of this integrated series. Presents 
intermediate algebra and trigonometry, with 
the function concept the unifying theme. 
Fundamental ideas of analytic geometry are 
woven into the work as it progresses. 


McGRAW-HILL 
BOOK COMPANY, INC. 


330 West 42nd Street, New York 36, N.Y. 


COMPUTATION WITH 
APPROXIMATE DATA 
By Carl N. Shuster 25¢ each (stamps) 


FIELD WORK IN MATHEMATICS 
By Shuster & Bedford $2.50 each 


QUALITY STUDENT SLIDE RULES 
Quantity Prices on Books and Slide Rules 


INSTRUMENTS FOR FIELD WORK 
IN MATHEMATICS 
Sextants — Angle Mirrors — Hypsometers 
Transits — Plane Tables — Alidades 
Leveling Reds — Tapes, Etc. 


MULTI-MODEL GEOMETRIC 
CONSTRUCTION SET 


To demonstrate hundreds of Theorems, Proposi- 
tions, Postulates and Corollaries of Solid Geometry 


GROVE’S MOTO—MATH SET 
To Demonstrate the Dynamic Notion of the Angle 
and Plane Figures in all Branches of Mathematics. 
The Most Versatile and Effective Visual Aid. 


EQUIP THE MATHEMATICS CLASS ROOM 
Send for Literature and Prices 
YODER INSTRUMENTS 


The Mathematics House Since 1930 
East Palestine, Ohio 


BUILDING 
MATHEMATICAL 
CONCEPTS IN THE 
ELEMENTARY SCHOOL 


PETER L. SPENCER 
MARGUERITE BRYDEGAARD 


An original, really new text. It is concerned 
with making the mathematics class a “learn- 
ing laboratory” in which ideas are devel- 
oped along with techniques. 1952, 372 pp. 
60 illustrations and photographs, $4.00 


“This book should be especially helpful for 
its suggestions and explanations of such top- 
ics as ‘the zero concept,’ ‘systematic func- 
tional learning experiences’ and the use of 
demonstratory materials and multi-sensory 
aids. Its underlying conception of the learn- 
ing process is an especially welcome one in 
this field."—Lowry W. Harpinc, The Ohio 
State University 


HENRY HOLT & CO. 


383 Madison Avenue, New York 17 


Please mention the MATHEMATICS TEACHER when answering advertisements 
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Welch-—=: good source for SVE 


Projectors 
and 

Film Strips 
on 

Mathematics 


Including: 
Plane Geometry 
Algebra 
Integral Calculus, and 
Mathematical 
Instruments 


This equipment is described in detail in the WELCH Mathematics 
Instrument catalog. Write for your Copy. 


W. M. WELCH SCIENTIFIC COMPANY 


DIVISION OF W. M. WELCH MANUFACTURING COMPANY 
Established 1880 
1515 Sedgwick St. Dept. X Chicago 10, Ill. U.S.A, 


18th Yearbook 


of the 
National Council of Teachers of Mathematics 


MULTI-SENSORY AIDS 
IN THE TEACHING OF MATHEMATICS 


This volume has been prepared to meet the need for a broader knowledge of multi-sensory aids in 
teaching mathematics, grades seven through twelve. A valuable reference book for teachers. Contains 
thirty-six articles, numerous short descriptions of models and devices, lists of sources of visual 
aids, and a comprehensive bibliography. Usable as a text in teacher-education classes. 


CONTENTS 

Multi-Sensory Aids: Some Theory and a Few Practices—A Mathematics Classroom Becomes a 
Laboratory.—Visual Aids.—Drawing and Design.—Mathematics Exhibits—Models and Devices. 
—Instruments and Tools.—Materials for Construction of Models.—History of Models and Devices. 
—Slides, Films, Three-Dimensional Projection, and Equipment.—Sources of Visual Aids.—Exten- 
sive Bibliography including references on arithmetic, algebra, geometry, trigonometry; listing of 
periodicals, books, films and filmstrips; including references on homemade materials, recreations 
and amusements, mathematics ciubs, plays, contests, mathematics libraries, etc. 


Price $3.00, postpaid. Send order with remittance to: 


NATIONAL COUNCIL OF TEACHERS OF MATHEMATICS 
1201 Sixteenth Street, N.W. Washington 6, D.C. 


Please mention the MATHEMATICS TEACHER when answering advertisements 
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The Learning of Mathematics 
Its Theory and Practice 


TWENTY-FIRST YEARBOOK OF THE 
NATIONAL COUNCIL OF TEACHERS OF MATHEMATICS 


© Written in response to definite needs in the teaching of mathematics. 

© Discusses the process by which students learn mathematics. 

© Helps teachers direct the behavior and growth of their students toward acquiring 
and using mathematical knowledge. 

© Gives answers to many questions about drill, transfer of training, problem- 
solving, concept formation, motivation, sensory learning, individual differences, 
and other problems. 

© Gives applications to concrete learning situations. 

© Written in non-technical terms for the use of the classroom teacher. 


© Considers elementary, secondary, and collegiate mathematics. 


CONTENTS 

. Theories of Learning Related to the Field of Mathematics. By Howard F. 
Fehr 

. Motivation for Education in Mathematics. By Maurice L. Hartung 

. The Formation of Concepts. By H. Van Engen 

. Sensory Learning Applied to Mathematics. By Henry W. Syer 

. Language in Mathematics. By Irvin H. Brune 

. Drill—Practice—Recurring Experience. By Ben A. Sueltz 

. Transfer of Training. By Myron F. Rosskopf 

. Problem-Solving in Mathematics. By Kenneth B. Henderson and Robert E. 
Pingry 

. Provisions for Individual Differences. By Rolland R. Smith 

. Planned Instruction. By Irving Allen Dodes. 

. Learning Theory and the Improvement of Instruction—A Balanced Pro- 
gram. By John R. Clark and Howard F. Fehr 


Price, postpaid, $4.00. To members of the Council, $3.00. 


(Membership price allowed to non-members who enclose application for 
membership with order.) 


NATIONAL COUNCIL OF TEACHERS OF MATHEMATICS 
1201 Sixteenth Street, N.W. Washington 6, D.C. 


Please mention the MATHEMATICS TEACHER when answering advertisements 
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